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ABSTRACT

Production of Taxol, the most promising chemotherapuetic drug, depends on Taxus spp. cell
culture. Since there are numerous difficulties in the in vitro cell culture of this recalcitrant genus, this
study was conducted in order to establish an efficient protocol for callus induction and maintenance
of it. Callus cultures from T. baccata young stems were established in B5 and MS media
supplemented with different concentrations of 2,4-D and NAA. The effects of basal culture media,
type and concentration of auxin were assessed on callus growth. The callus morphology
(compactness and color) also was compared using non-parametric test (Mann—Whitney U test). The
results showed that the best basal medium for callus induction and growth was in B5, and the
|_highest callus growth in BS medium obtained when NAA was supplied as auxin. Two mg/L NAA was
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the optimum auxin concentration among different applied levels of this hormone. The results also
revealed that incubation of the calli in the dark conditions in the presence of 0.1 g/L of citric acid and
ascorbic acid significantly reduced the phenolic secretion from calli, compared to those grown in
light or those which were treated with 0.05 g/L of these antioxidants. Following experiments
confirmed that stem of T. baccata was the best explant for callus induction and growth. In addition,
the morphological study described various callus types and various colors formed during callus
induction in the different conditions. The data related to this part confirmed that B5 medium and
NAA provided the best tissue type (friable) and color (yellowish-green) of the calli. In the optimized
medium, specific yield of Taxol was about 70 ug/g DW (Dry Weight). This amount of Taxol
production is noticeable in Taxus spp. calli, compared with available literature on the production of

Taxol by T. baccata cells.

Keywords: Medium; callus; plant growth regulator; taxol; Taxus baccata.

ABBREVIATIONS

FW: fresh weight, DW: dry weight, 2,4-D: 2,4-Dichlorophenoxyacetic acid, NAA: a-Naphthaleneacetic
acid, PGRs: plant growth regulators, RGR: relative growth rate.

1. INTRODUCTION

Taxol (generic name: paclitaxel), is a
diterpenamid which is widely used in the
treatment of breast and ovarian cancer and
AIDS-related Kaposi's sarcoma [1,2]. Today
Taxol is the most promising chemotherapuetic
drug, and shows promise against other cancers
[3,4]. Taxol has been extracted from yew trees
[5,6]. Due to the very low yield of purification of
Taxol from the yew trees (0.004—0.01% dry
weight basis), and slow growth of few natural
resources [5,7], researchers have been led to
find cost effective and sustainable alternative
approaches to afford sufficient quantities of Taxol
for the growing demand for chemotherapeutic
uses and clinical researches.

In vitro synthesis of Taxol has been
accomplished, but given the complexity of
chemical structure and numerous steps in the
synthesis procedure as well as very low yield of
Taxol [5,8]; it is not a commercially feasible
method for Taxol production [9]. The other
approaches were examined for Taxol production
such as fungal fermentation [10-12], semi-
synthesis starting from intermediates which
isolated from yew needles, [13,14], and cloning
of the genes involved in Taxol biosynthesis [15].
Among other methods, plant cell and tissue
culture seems to provide a sustainable and rich
source of Taxol [16-18] due to the homogeneous
culture of plant cells, elimination of the need for
intensive labor for cultivation of greenhouse or
field-grown plants, and safer production platform
in a closed bioreactor system [19]. Accordingly,
the first step to obtaining a Taxus sp. cell
suspension is to establish fast-growing friable
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callus cultures [20]. Regarding the fact that
Taxus species are recalcitrant in the culture
medium, several studies have been conducted to
manipulate the culture medium for callus
induction. Most of these researches have been
focused on assessing the effect of basal macro-
and micro- nutrients of the media [16,21]. A few
studies however, have been compared the effect
of type or relative amounts of plant growth
regulators on the induction of callus in the yew
explants, neither the morphology of calli has
been considered widely or statistically.

One major obstacle in Taxus spp. cell culture
and maintenance of its callus is the secretion of
phenolice compounds in the medium that
obstruct callus growth and lead to browning and
finally death of the cells. Application of
antioxidant compounds has been suggested as a
solution by scholars [22,23].

In the present research, we tried to set up an
efficient protocol for establishment of sustainable
calli from Taxus baccata. so that could be used
in production of Taxol. The effects of two
different basal media (B5 and MS), different
types of growth regulators (NAA or 2,4-D), at
different concentrations on induction of callus in
different explants of Taxus baccata were studied.
The effects of light and certain antioxidants on
prevention of browning and improvement of
callus maintenance were investigated as well.

2. MATERIALS AND METHODS
2.1 Plant Material

Explants were collected from a mature Taxus
baccata grown at the Botanical garden of




University College of Agriculture and Natural
Resources (35 47', 51° 10" at an altitude of 1321
m), University of Tehran, located in Karaj, Alborz
Province, Iran, in June, July, and August 2012.
Since the plant materials were collected from one
tree during a year, the impact of season and
genotype were ignored. Young stems and
needles (leaves) of tree were selected as source
of explants. The plant materials were washed
with detergent (liquid soap), rinsed with tap water
for 30 minutes, and subsequently were surface
sterilized by washing with 70% ethanol for 15
seconds, and Na-hypochlorite for 10 minutes and
rinsing with sterile distilled water in intervals.
Segments of 1-2 cm from needles and stems
were cultured on the media in laminar air flow
conditions.

2.2 Culture Media and Plant Growth
Regulators

The first experiment was conducted to evaluate
the effects of basal nutrients of B5 [24] and MS
[25] media and type of auxin (NAA and 2,4-D) on
callus formation. Both media were supplemented
with 3% sucrose and 8 g/L agar agar and were
containing 0, 0.5, 1, 2, 4, 6, 8, and 10 mg /L of
NAA or 2,4-D. Basal media of both MS and B5
without plant growth regulators were used as
controls.

The pH of all media was adjusted to 5.7 with
either KOH or HCI prior to autoclaving for 20 min
at 121°C. All cultures were incubated in darkness
at 25+2°C until the calli were emerged (20
days). These conditions were kept constant while
the calli were growing.

2.3 Effect of Culture Media on the
Morphology of Calli

Concerning the fact that morphology is an
important factor in the mass production of calli,
certain morphological features i.g., color and
compactness of the calli which produced in
different media were compared. Accordingly, the
calli were ranked in 5 groups (Tables 1 and 2) in
terms of their compactness (Fig. 1) and color

(Fig. 2).

2.4 Effects of Antioxidants and Light on
Maintenance of Callus

Based on the results of previous steps, a B5
basal medium containing 2 mg/L NAA was
selected as the best medium for induction of
callus. The effects of antioxidants (citric acid and
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ascorbic acid) and light (25 pmol m s'1) on
secretion of phenolics from the «calli were
evaluated in this medium (B5) according to a
design shown in Table 3. All cultures were
incubated at 25+2°C during the induction and
growth of calli.

Table 1. Ranking of different callus types in
T. baccata calli

Tissue type Number
Dry 1
Wateri 2
Cotton form 3
Friable — cotton form 4
Friable 5

Table 2. Ranking of T. baccata calli
according to their colors

Color Number

Dark brown

White

Brown

Yellowish — brown
Yellowish - green

A WON -

2.5 Taxol Extraction and Analysis

Taxol extraction and analysis were conducted
according to the procedure reported previously
[26,27]. Callus samples were collected after 6
weeks of culture and dried at 25°C. The
extraction of Taxol performed employing
methanol and dichloromethane. Dried cells (ca.
50 mg) were powdered and dissolved in 4 mL
methanol and ultrasonicated for 20 min. The
mixture was centrifuged at 4000 rpm for 15 min.
The supernatant was collected and evaporated
at 25°C to dryness under vacuum by a rotary
evaporator.

To eliminate polar impurities, the residue was re-
dissolved in a mixture of dichloromethane and
water (1:1). The mixture was centrifuged at 4000
rpm for 15 min and dichloromethane phase was
separated. This process was repeated two times
and the dichloromethane phase evaporated and
re-dissolved in acetonitril before analysis by
HPLC (Waters, model code: 6CE). The HPLC
system equipped with a reverse-phase C18
column (OSD - UG -5, 4.6 mm x 250 mm x 10
pm) and UV detector. Taxol was eluted using a
gradient of acetonitrile: water (60: 40) and was
detected at 227 nm. Quantification of Taxol was
performed with an external standard of it (Sigma,
USA).
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Table 3. The integrated treatments of antioxidants and light on T. baccata calli

Treatment Ascorbic acid (g/L) Citric acid (g/L) Light condition
Light Dark

1 0.05 0.05 +

2 0.1 0.1 +

3 0.05 0.05 +

4 0.1 +

0.1
k "
1

o

Fig. 1. Different types of tissue in T. baccata calli after 5 weeks of culture
1: friable, 2: friable — cotton form, 3: cotton form, 4: wateri, 5: dry

Fig. 2. Different colors observed in T. baccata calli after 5 weeks of culture
1: dark — brown, 2: white, 3: brown, 4: yellowish-brown, 5: yellowish-green

2.6 Measurement of Callus Growth

Growth of the calli was monitored by measuring
initial and final fresh weights. Relative growth
rate (RGR) was calculated as: FW2- FW1/ FWA1
where FW1 and FW2 were the initial and final
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fresh weights of the calli after 6 weeks of
treatments.

2.7 Statistical Analysis

The factorial design based on completely random
design (CRD) was used to examine the effects of



culture media, plant growth
hormone concentrations.

regulators and

The experiments were repeated at least three
times with five replications. Each replicate (Petri
dish, 60 x 15 mm) was composed of 3 explants.
Duncan’s multiple range tests and student’s test
were used for comparison among the means.

The nonparametric Kruskal-Wallis test and
Mann—Whitney test were used to investigate the
effects of culture media, plant growth regulator
and hormone concentration on type of callus
tissue and its color, considering a p <0.05.

3. RESULTS AND DISCUSSION

3.1 Effects of Culture Media, Plant Growth
Regulators and Hormone
Concentration on Callus Induction

The calli were emerged 1 week after culture from
different segments of T. baccata on hormone
containing B5 and MS media, while there was no
callus formation in the hormone free control ones
(Figs. 3 and 4). Relative growth rates of the calli
are compared in Table 4. As shown in Table 4,
the highest callus growth obtained when B5
medium was used, compared with MS medium.
Although some researchers have evaluated the
effect of modified MS and B5 media, to the best
of our knowledge, there is no report on
comparison the effect of basal MS and B5 media
on callus production. Consequently, we selected
B5 medium with more reliability for callus
induction and production.

Application of different kinds of auxin in aforesaid
media showed that callus formation and growth
varied significantly depending on the type of
auxin (Table 4). The data showed that NAA was
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significantly effective not only in induction of
callus but also in improvement of its growth,
compared to 2,4-D. Consistent with our results,
Mihaljevic et al. [14] showed that NAA was the
best hormone to promote callus production by T.
baccata explants. However, it should be noted
that for induction of callus in other species of
Taxus spp., other kinds of auxin may be more
appropriate [28]. In order to investigate the wider
range of hormone concentration, we examined
seven different levels of NAA. Among applied
concentrations of NAA, the best one for
promotion of the growth of calli was 2 mg/L
(Table 5).

From preliminary studies it was shown that
applied explants (stem and needle (leaf) were
different in response to the medium and
induction of callus (Data not shown). Therefore,
the differential response of stem and needles
explants was evaluated in B5 medium containing
2 mg/L NAA. The results significantly confirmed
again that stem segments of T. baccata were
more appropriate for induction of callus and
promotion of callus growth, in comparison with
needle segments (Figs. 4 and 5). This is in
accordance with Baebler et al. [28] report.

Table 4. Effects of culture medium and type
of auxin on relative growth rate (RGR) of
callus in Taxus baccata stem explants

Medium Auxin RGR

MS - 0.32+0.01

B5 - 0.44+0.01*
2,4-D 0.31+£0.01
NAA 0.45+0.01 *

Data are presented as the means+SE with n = 3.
Asterisk refers to significant differences at p<0.05,
according to the Student’s t-test

L

Fig. 3. Stem explants cultured on different media after 6 weeks. (a): explants in hormone-free
basal media, (b): explants in hormone containing media (B5 medium containing NAA 2 mg/L)
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0.5
0.45

0.454

0.4
0.35
0.3
0.25
0.2
0.15
0.1

0.05

mean of plant growth regulator

steim
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0.036

leaf’

explant

Fig. 4. Effect of explant type of T. baccata on callus growth (B5 medium containing NAA 2
mg/L). The values represent the mean+SE

Table 5. Effect of different concentrations of
NAA on relative growth rate (RGR) of
Taxus baccata calli

NAA (mg/L)
05

RGR of Taxus baccata calli
0.31+0.1°
0.39£0.1°
0.45+0.1 2
0.40£0.1°
0.37+0.1°
0.38+0.2°
0 0.39:0.2°
Data are presented as the means + SE with n = 3.
Means with the same letter are not significantly

different, according to Duncan’s multiple range test
(P<0.05)

=200 AN~

3.2Effect of Culture Media on the
Morphology of Calli

In spite of numerous studies on the
establishment of callus from Taxus spp., the
morphological features of Taxus spp. calli have
not been vastly investigated. Therefore,
considering the importance of callus appearance
in its selection for mass production, the effects of
basal medium, type and concentration of auxin
were assessed on color as well as tissue type of
calli of T. baccata.

In our ranking, the best tissue type of callus and
its color were numbered 5. The most frequent
friable calli (accounted for 5) were emerged in
the medium containing NAA, compared to those
2,4-D containing media (Fig. 6). This confirmed
again that NAA was more appropriate for
induction of best callus in T. baccata, as resulted
from the first experiment too. The effect of basal
medium on type of tissue of T. baccata calli was
not significant, according to Mann-Whitney U
test (Fig. 6).
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The effect of different hormone concentrations on
type of tissue of T. baccata calli was not
significant; according to Kruskal-Wallis H test.

Mann—Whitney U tests showed significant effect
of basal medium on the color of the calli. As
shown in Fig. 7, the most frequent calli with the
best color (yellowish-green, no.5) were observed
in BS medium.

Mann—Whitney U test and Kruskal-Wallis H test
showed no significant differences in callus color
in medium containing different auxins at various
concentrations.

3.3 Effects of Antioxidants and Light on
Callus Maintenance

Secretion of phenolics from explants and calli
and browning of the calli has been a common
obstacle to which all researchers who deal with
Taxus spp. culture have been challenging. Bai et
al. [29] reported that light irradiation stimulated
browning of calli and remarkably hindered their
growth. Application of antioxidants in Taxus spp.
culture has been suggested [30,31]. In the
present research browning of T. baccata started
after 2 weeks of culture. We evaluated the
effects of light / dark and combination of citric
acid and ascorbic acid on Taxus spp. calli. These
antioxidants were applied in concentrations of
0.05 and 0.1 g/L, in B5 medium supplemented
with 2 mg/L NAA. The results showed that
incubation of the calli in dark conditions in the
presence of 0.1 g/L of citric acid and ascorbic
acid significantly reduced the phenolic secretion
from calli, compared to those grown in light or
treated with 0.05 g/L of antioxidants.



3.4 Taxol Analysis

Taxol was detected in T. baccata calli (Fig. 8).
Specific yield of Taxol in our optimized medium
(B5 medium containing 2 mg/L NAA, 0.1 g/L
ascorbic acid and 0.1 g/L citric acid, in the
darkness) was about 70 pg/g DW which was
noticeably high, compared to those reported for
other Taxus species [5], or even for T. baccata
calli [4].
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Overall, to overcome the problem of induction
and growth of Taxus baccata callus, this report
presents a reproducible and effective method for
suitable production of T. baccata callus, in which
the optimized medium produced a quality callus
and improved the yield of Taxol, and could be
used, for cell suspension culture and Taxol
production.

Fig. 5. Differential response of T. baccata explants to B5 medium supplemented with 2 mg/L
NAA in induction of callus after 6 weeks (a: stem, b: needle)

80 73.571
m2,4-D = NAA
60
43.5
40

Callus frequency (%)

20
. LI H = L
1 2 3 4 5

Callus tissue type

Fig. 6. Comparison the effects of type of auxin (NAA and 2,4-D) on the callus morphology
from stem
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Fig. 7. Comparison of callus color of Taxus baccata obtained from stem in different
basal media
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Fig. 8. Chromatogram of HPLC showing the presence of Taxol at RT of 7.088 min

4. CONCLUSION

In conclusion, an efficient protocol for callus
induction and maintenance of Taxus baccata
was developed. In this regard, effects of culture
media, plant growth regulators and hormone
concentration on callus induction B5 medium
containing 2 mg/L NAA was optimized. Also, the
results showed that B5 medium and NAA
provided the best tissue type (friable) and color
(yellowish-green) of the calli. Finally, the results
revealed that dark conditions in the presence of
0.1 g/L of citric acid and ascorbic acid has
significantly reduced the phenolic secretion from
calli.

Despite the above-mentioned conclusions, as
Cusido et al. [20] asserted the optimization of
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conditions for callus induction and growth is
tedious process, as the response to callus
induction and growth varies according to different
factors. Therefore, our results on T. baccata can
be improved by other factors in future research.
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