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ABSTRACT

Roots of Zeyheria montana, a species native to the savanna (Cerrado) region of central Brazil, produce lapachol, a
naphthoquinone with anticancer activity. Lapachol is also the precursor of S-lapachone, a novel drug candidate for pre-
ventive and adjuvant cancer therapies. The leaves of Z. montana are a renewable source of ursolic acid and oleanoic
acid, compounds known for their anticancer, antioxidant and antimicrobial properties. The potential prophylactic use of
f-lapachone, as well as the medicinal properties of ursolic acid, highlights the importance of this study on Z. montana’s
germplasm conservation. Multiple shoots were induced on Woody Plant media with supplemented 0.1 mg-L™" of thidi-
azuron (TDZ). Rooting was promoted on half strength WP (Woody Plant) media containing 1.0 mg-L™" of indole-3-
butyric acid (IBA). Plantlet acclimatization to ex-vitro condition was done at a 70% success rate using different sub-
strates. It was possible to store Z. montana’s elite germplasm using in vitro cultures of media containing 2% sucrose

plus 4% sorbitol for six months without subcultures.
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1. Introduction

The medicinal importance of Zeyheria montana Mart.
(bolsa de pastor) a plant native to Brazilian Cerrado, ex-
tends beyond the phytotherapeutic use. Its leaves produce
ursolic, oleanolic and betulic acids, pentacyclictriterpe-
noids, with validated biological properties, such as anti-
cancer activity [1], inhibitory effects on NO production
and iNOS induction [2], anti-inflammatory [3], antifun-
gal [4], diuretic [5]. Ethanol extract from Z. montana leaf
possesses anti-nociceptive [6] and anti-inflammatory [7]
activities and flavanones showed cytotoxicity against hu-
man NCI-ADR/RES and K562 cell lines [8].
Additionally, Z. montana roots are an alternative source
of lapachol, a naphtoquinone with anticancer activity [9],
producing 19 fold more than Tabebuia, the better known
natural source of lapachol and S-lapachone [10]. In the
1970s, the clinical efficacy of lapachol and related com-
pounds in cancer therapy was marked, but Cragg and
Newman [11] reported that the National Cancer Institute
discontinued the clinical trials on lapachol and related
compounds due to high toxicity. Recent findings, how-
ever, indicate that f-lapachone may halt the transforma-
tion of normal cells to cancer cells, thus holding promise
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for a dual use, as an anticancer and anti-carcinogenic
agent [12].

Only few conservation studies have been carried out
so far as a relief effort to conserve Z. monatana germ-
plasm [13-15]. Little is known on asexual propagation of
elite plants to serve as propagule to achieve potential
crops, and to improve quality, safety and efficacy of phy-
tomedicine. According to Felippe and Silva [16], seed
production is inconsistent, and flowering and fruit pro-
duction are delayed for longer periods of time. Over-
coming juvenility, Z. montana fruits are produced every
other year.

In light of the therapeutic importance of Z. montana
and its endangered status, the objective of this study was
to establish in vitro propagation and conservation proto-
cols to preserve the species germplasm.

2. Material and Methods
2.1. Plant Material

Plants and seeds were collected in Pedregulho County,
Sdo Paulo, Brazil (Lat. 20°S 17'06", Long. 47°W 26'12",
Alt. 968 m) and the following studies were conducted
micropropagation, in vitro conservation protocols and
phytochemical analysis. A voucher specimen was depos-
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ited at the Universidade de Ribeirdo Preto (UNAERP)
Herbarium (HPM-063).

2.2. Micropropagation

Species belonging to Bignoniaceae have an outgrow of
tissue (wings) that aids their dispersal. Seeds of Z. mon-
tana were collected. Next the wings were mechanically
removed and later washed in tap water for 12 hours, and
then soaked in 0.5% (w/v) benomyl solution for 24 h,
constantly agitating the solution at 120 rpm. Before im-
mersion in benomyl solution, seed wings were mechanic-
cally removed and finally immersed in 0.5% (w/v) cal-
cium hypochlorite solution for 30 min. Disinfested seeds-
were inoculated on woody plant basal (WP) culture me-
dium [17], supplemented with 2% (w/v) sucrose, solidi-
fied with 0.2% phytagel® and adjusted to pH 6.0. Cul-
tures of axenic seedlings became the source of nodal ex-
plants. The nodal segments were transferred to WP me-
dium supplemented with various cytokinins [kinetin
(KIN), 6-benzylaminopurine (BAP), 2-isopenthenylade-
nine (2ip)] at various concentrations ranging from 0.1,
1.0, 3.0 and 5.0 mg-L™". A second experiment was con-
ducted using only thidiazuron (TDZ) at 0.1, 1.0, 3.0 and
5.0 mg-L™" or in combination with 0.1 mg-L™" of indole-
3-acetic acid (IAA) as WP medium supplement. After a
40-day period of incubation at 25°C = 2°C and 55% -
60% relative humidity under a 16-h photoperiod with
85-W cool-white GE fluorescent lamps (light intensity 40
pumol m s, cultures were evaluated for survival, mul-
tiple shoots, height, and presence of callus at the shoot
base. The experimental design was fully randomized with
three replicates of 10 explants for each treatment (n = 30).
The experiment was conducted in a factorial design of 4 x 4
(auxin and cytokinin), means were analyzed by ANOVA
followed the mean separation using Tukey test at 5%
level of significance.

For rooting, the shoots were transferred to medium
containing WP and WP/2 salts and 1% (w/v) sucrose,
solidified with 0.4% phytagel®, adjusted to pH 6.0 sup-
plemented with a-naphthaleneacetic acid (NAA) and
indole-3-butyric acid (IBA) at two concentrations 0.1 and
1.0 mg-L™". After a 60-day incubation period, cultures
were evaluated for survival, presence of root and root
length. Plantlets were acclimatized to the soil. Rooted
and un-rooted plantlets 5 cm tall were directly planted
into trays containing different substrates, which consisted
of coarse sand, sand and soil at 1:1 v/v, and the substrate
Plantimax®. After a 90-day period, survival counting was
conducted following by growth measurements such as
plant height.

2.3. In Vitro Germplasm Storage

Induction of slow growth to increase subculture intervals
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from 4 weeks to a 6, 8 or 12 months period is a highly ef-
fective way to store healthy in vitro plantlets. To induce
into slow growth, cultures were transferred to WP me-
dium, supplemented with 2% sucrose, 4% mannitol or
4% sorbitol in the presence of 2 mg-L™" calcium panto-
thenate and 2 mg-L'spermidine in different combina-
tions and stored at 18°C under a 12-h photoperiod under
cool-white GE fluorescent lamps with low light intensity
(23 pmol-m *s™"). After six month in storage, cultures
were then transferred to the media without the osmotic
agent (sorbitol and mannitol) and analyzed for re-growth,
the efficacy of the procedure for in vitro storage. The
experimental design was fully randomized, repeated three
times, and each treatment had 10 explants (N = 30). Data
were analyzed statistically by ANOVA followed by the
Tukey test, with the level of significance set at 5%.

2.4. Phytochemical Analysis

Dried and ground root samples (200 mg), harvested from
in vitro cultivated plants and 2-yr old plants collected in
Sao Jodo da Alianga, a county of Goias state, were ex-
tracted with methanol (5 mL) using ultrasonic Cleaner
(USC 700, Unique, frequency of 55 kHz) for 30 minutes.
A volume of 4 ml was removed, filtered and placed in a
speed vac to dry. The procedure was repeated three times
for each sample, and methanol HPLC grade (1 mL) was
added to resuspend and filter the extract. HPLC analyses
were done in a liquid chromatographer Shimadzu, model
SPD-M10Avp with a diode array detector and Supelco-
sil™ column LC18: (4.6 x 250 mm, Supelco). The mo-
bile phase was solvent A, MeOH; solvent B, 0.1% acetic
acid in HyO; flux of 1.0 mL/min. To quantify lapachol
and triterpenes, the flow rate and detection limits were
different. For lapachol 0 - 20 min of 40% - 85% A, 20 -
33 min of 85% A, 33 - 35 min of 85 - 40 A and 35 - 40
min 40% A detection was maintained at 280 nm, as for
triterpenes, 85% de A for 25 min detected at 210 nm.

3. Results and Discussion

As the use of botanicals for primary care is rising, culti-
vation studies to determine good agronomic practices are
an essential for production of quality products. Z. mon-
tana and others medicinal plants native to the tropical
savannas have great potential to become a specialty crop
for small farmers in Brazil. For establishing this in vitro
propagation procedure, 2000 seeds were disinfected and
inoculated on WP media.

All attempts to introduce explants from adult donor
plants have failed due to microbial contamination. Nodal
segments of seedlings became the source of explants for
this protocol. Buds were highly sensitive to the type of
cytokinin and concentration, with the highest survival
and induction of multiple shoots on media containing 2ip
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(100%) at 5.0 mg-L™" (Table 1). Supplementing 2ip to
media, the survival rate increased from 70% to 100%
survival, with a significant increase on induction of mul-
tiple shoots. With the exception of kinetin, supplement-
ing with BA, or 2ip or TDZ at 3 mg-L™", cultures sur-
vived better than the control (WP).

Adding TDZ at 0.1 mg-L™" into the media, shoots
grew taller than all the other treatments including the
control and 2ip. With cultures growing on media con-
taining TDZ at higher concentrations than 0.1 mg-L™",
shoots showed signs of vitrified growth. Thus, healthier
and taller shoots were induced on WP media supple-
mented with 0.1 mg-L™' TDZ (Table 1), producing 4.0
new buds per shoot after a 40-day culture period (Table
2) at 2.1 mg-L™' (Figure 1). On average, each inoculated
bud produced four new buds to be re-inoculated per cul-
ture cycle.

During the protocol development, many cultures
were discharged due to vitrified growth symptoms and
the presence of endophytic organisms. These microbes
slowly appeared epiphytically on the media from time to
time. These problems, however, were easily treated. For
reducing vitrified growth, Dillen and Buysens [18] sug-
gested the use of vented lids to facilitate evaporation

Table 1. The effect of type of cytokinin and concentration
on the survival of the cultures.

Conc. BA Kin 2ip TDZ

mg- L (%) #shoots (%) #shoots (%) # shoots (%) # shoots
0 60ab 1.0a'  60a 1.0a 60b 1.0c 60b 1.0b
0.1 476 1.0a 54ab 1.0a 85a 1.0c 100a 1.3ab
0.5 74a  1.0a 44abc 1.0a 48b 1.0c - -
1.0 57ab  1.0a  27c 1.0a 60b 1.lcb 29c 1.6a
3.0 74a  1.0a 55ab  1.4b 100a 1.3ab 62b 1.3ab
5.0 14c  1.0a 40bc 1.3ab 100a 1.5a 19c 1.2ab

CV(%) 1346 4.66 1495 1290 893 10.09 15.18 15.88

"Means followed by the same letter within the column do not differ signifi-
cantly according to Tukey test (0.5%). (BA = 6-Benzylaminopurine; Kin =
Kinetin; 2ip = 2-isopenthenyladenine; TDZ = Thidiazuron).
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Figure 1. Effect of thidiazuron rates (mg-L™") on number of
induced buds of Z. montana.
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which reduced vitrified growth. Supplementing an anti-
biotic to the media will also prevent endophytes growth.
Only recently being investigated are the presence of
endophytes and their potential role on the synthesis of
secondary compounds. Strobel et al. [19] described pacli-
taxel being synthesized by Taxus sp and unrelated fungal
endophytes including Taxomyces andreanae, also includ-
ing Pestalotia, Pestalotiopsis, Fusarium, Alternaria, Pi-
thomyces, and Monochaetia. More recently, Pugh ef al
[20] reported that bacterial lipoproteins and lipopolysac-
charides present in immune enhancing botanicals are the
actives responsible for in vitro macrophage activation.
Thus, researchers working in medicinal plants and plant
tissue culture will have to search for ways to co-culture
the host and beneficial endophytes.

Explants of Z. montama treated with IBA at 1 mg-L™'
produced more roots, plantlets were taller with a better
survival rate than the other treatments (Table 2), plant-
lets cultured on IBA had a better survival rate during ac-
climatization to soil condition with an overall average of
70% survival after a 40-day period.

Few accessions of Z. montana were highly sensitive to
in vitro culture conditions while others were able to adapt,
grow and later acclimatize into soil. Of the in vitro adapt-
ed accessions, more than 800 cultures were actively grow-
ing a year later. To maintain live, healthy cultures and
reduce the number of subcultures establishing the in vitro
repository, slow growth was induced.

By adding sorbitol and mannitol as osmotic agents,
growth of shoot cultures was reduced, and no subcultures
were needed within six months (Table 3). Sorbitol con-
taining media showed significantly better results than
mannitol, and adding calcium pantothenate or spermidine
as adjuvants did not improve the survival in storage. A
72% survival rate was achieved in spermidine in sorbitiol
containing media; such survival was slightly better than
with without spermidine (Table 3). For the savanna spe-
cies, osmotic enhancement has been a successful proce-
dure to maintain cultures under slow growth [21]. Spe-
cies of temperate climate such as Podophyllum peltatum,

Table 2. Effects of auxin type and concentration on rooting
Z. montana shoots.

1 Rooting Shoot height Culture survival

Conc. mg-L~ (%) roots (#) (cm) (%)
0.1 NAA 29b 0.6a 1.8a 65b
1.0 NAA 70a 1.0a 1.4a 100a
0.1 IBA 53a 1.4a 1.2a 86b
1.0 IBA 50a 1.5a 1.7a 100a
CV(%) 24.42 2345 17.50 12.86

Means followed by the same letter within column do not differ significantly
according to Tukey test (p < 0.05). Data collected after 40-day culture pe-
riod (NAA= a-naphthaleneacetic acid; IBA = indole-3-butyric acid).
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low temperature and the use of synthetic seed technology
(5°C) works as a better conservation approach for mid-
term in vitro storage [22].

Phytochemical analysis of in vitro Z. montana-pro-
duced plantlets revealed that leaves are sources of triter-
penes while lapachol was produced in the roots. Plant
aging yielded higher yields of both naphtoquinones and
triterpenes (Table 4). According to Jacome et al. [10] in
100 mg of dried roots, Z. montana produced 11.0 pg of
lapachol, 6.1 ug of a-lapachone and 4.3 pg of dehydro-
o-lapachone. The lapachol extracted from two-year-old
plants of two populations varied between 0.001 to 0.3
mg-g ' of dry weight (data not shown) indicating that the
content may vary among plants and between population.
Bertoni ef al. [23] reported a genetic variability of 15.97%
among Z. montanapopulations; such variability could
control the lapachol yield among two-year-old plants.
More phytochemical analysis of lapachol in the roots
and triterpenes in the leaves are needed to identify high
yielding genotypes. In conclusion, our work shows that
conservation of Z. montana is possible by in vitro tech-
nology, although few accessions were sensitive to in
vitro conditions. After inoculation and induction of
buds under in vitro growing conditions, maintenance of
active growing clones, as a source of propagules for
commercial field plantings is quite an effective proce-
dure.

Table 3. Effects of osmotic agents on culture survival of Z.
montana.

Medium supplements % de survival

4% mannitol 13.3¢

4% sorbitol 69.3a

4% mannitol + 2 mg-L™' of

calcium pantothenate 3.3d
4% sorbitol + 2 mg-L ™" of
. 3.5d
calcium pantothenate
4% mannitol +2 mg-L™" de spermidine 41.4b
4% de sorbitol + 2 mg-L™"' de spermidine 72.6a
CV(%) 7.9

Means followed by the same letter within column do not differ significantly
according to Tukey test (p < 0.05).

Table 4. The content of lapachol and triterpenes found in 2-
yr old Z. montana plants and in vitro micropropagated plants.

Plant Parts Lapacl}clal Oleanowi?md Ursolic imd
mg-g mg-g mg-g
Leaves ND 0.49 £0.001 1.23£0.03
Roots 1.23 £ 0.02 ND ND
Yieldof 2yr 5 4 1 0,005 4334020  11.52+0.65
old plant

ND: Not detected.
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