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ABSTRACT

Hypericum mysorense Hyne is a pharmaceutically important medicinal plant found in Western Ghats of India. In this study a new system
was developed for in vitro plant regeneration through callus formation and hypericin production. Leaf explants were inoculated onto MS
(Murashige and Skoog) medium supplemented with different concentrations and combinations of 6-benzyl adenine (BA), kinetin (KIN),
a-naphthalene acetic acid (NAA) and 2,4-dichlorophenoxy acetic acid (2,4-D). Highest callus proliferation was observed when MS
medium contained BA and NAA (1.0 mg/L each). Best shoot induction and multiplication was recorded on MS medium supplemented
with 1.0 mg/L BA. A significant difference was recorded in average number and length of shoots/explant among the different concentra-
tions of BA and KIN investigated. Roots were induced on MS media in the presence (0.5 mg/L) and absence of indole-3-acetic acid (IAA).
Regenerated plantlets were successfully established in soil with a 98% survival rate. The concentration of hypericin was evaluated in
different tissues of in vitro and ex vitro grown plants by using high performance liquid chromatography (HPLC) and thin layer chroma-
tography (TLC). Hypericin levels were higher in callus (5.0 pg/g, w/v) and leaves (4.1 ng/g, w/v) of in vitro plantlets than those of ex
vitro leaf samples (3.1 pg/g, w/v). Results confirmed that plant growth regulators play an important role in the production of hypericin
under controlled in vitro conditions. This is the first ever report on a rapid plant regeneration system for H. mysorense and provides an
avenue for conservation strategies and phytomedicine production.
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INTRODUCTION

Hypericum is a large genus of herbs and shrubs belonging
to the family Hypericaceace, which grows widely in tempe-
rate regions. These species have been used as traditional
medicine due to their wound-healing (Yazaki and Okuda
1990), bactericidal (Ishiguro et al. 1998), anti-inflammatory
(Dias et al. 1998) and antidepressant (Butterweck 2003)
characters. Hypericum spp. contain a complex mixture of
bioactive substances mainly phloroglucinols, naphtodian-
throne, flavonoids, phenylpropanes, essential oils and xan-
thones, which possess a wide array of biological properties
(Greeson et al. 2001; Patocka 2003).

Among them, Hypericum mysorense is an important
medicinal plant found in the southern parts of Karnataka at
900-1500 m above sea level. Extracts of H. mysorense have
been reported for its in vitro cytotoxicity and anti-tumour
activity tested against HEp-2, RD, Vero and DLA cell lines
(Vijayan et al. 2003). Also extracts of H. mysorense ex-
hibited significant antiviral activity against herpes simplex
virus type-I (Vijayan et al. 2004) and antimicrobial activity
against several bacterial and fungal pathogens (Pulok ef al.
2002). Many essential fatty acids, which have been iden-
tified from leaves and flower extracts, showed antimicrobial
activity against human pathogens (Shilapshree and Ravi-
shankar 2009). A few natural compounds have also been
identified with antifungal activity (Vishwakarma et al
1983).

Hypericin is a natural pigment commonly present in

Hypericum spp., has antidepressant (Butterweck et al.
2002) and antiviral activity against HIV (Lavie et al. 1989;
Park et al. 1998), and is a potential antitumour photosen-
sitiser for photodynamic cancer therapy (Vantieghem et al.
2001; Agostinis et al. 2002). Considering the pharmaceu-
tical significance, commercial application and its possible
use in therapeutics, it is important to screen Hypericum spp.
for the presence of hypericin and to increase production
using in vitro cultures. Plant cell culture is often an effective
system to study the biological significance of bioactive
metabolites under in vitro conditions as well as for pro-
ducing natural products for bioprocess applications (Yan-
paisan et al. 1999). Therefore, in vitro cultivation of H.
mysorense would be an effective technique to provide plant
material with a uniform phytochemical profile.

Previous research has been conducted to mass multiply
Hypericum spp. using different plant growth regulators
(PGRs) in H. perforatum (Santarém and Astarita 2003;
Gadzovska et al. 2005), H. foliosum (Moura 1998), H. poly-
anthemum (Bernardi et al. 2007), H. canariense (Mederos
1991), H. erectum (Yazaki and Okuda 1990), H. patulum
(Baruah et al. 2001) and H. brasiliense (Cardoso and
Oliveira 1996). Investigations in Hypericum spp. have been
reported for the production of hypericin in in vitro cell cul-
tures by using PGRs as enhancers (Kartnig and Brantner
1990; Kartnig et al. 1996; Gadzovska et al. 2005; Liu et al.
2007a).

The aim of the present study was to develop an efficient
protocol for rapid mass multiplication of H. mysorense
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using different PGRs and simultaneously to investigate the
effect of PGRs on hypericin production in in vitro cultures.

MATERIALS AND METHODS
Collection of plant material

H. mysorense samples were collected in July from the Western
Ghats of Karnataka, India. Young leaves were collected from a
one-year-old plant and were cut transversally into 0.5-1.0 cm
fragments. The explants were washed in running tap water for 30
min to remove surface adherents. Following this, explants were
treated with an antibiotic (ampicillin, 100 mg/L) and fungicide
(bavistin, 30 g/L) to prevent contamination. Later, explants were
surface sterilized using an aqueous solution of 0.01% mercuric
chloride (w/v) for 2 min and rinsed in sterile distilled water 2-3
times.

Culture medium, PGRs and growth conditions
1. Callus initiation

The leaf explants (1-2 cm in size) were cultured on MS medium
(Murashige and Skoog 1962) containing sucrose (30 g/L) and
different combinations of PGRs, including BA, KIN, NAA and
2,4-D for callus initiation (Table 1). The pH of all media was
adjusted to 5.8 with IN HCL or 1N NaOH before the addition of a
gelling agent, phytagel (2.5 g/L). Then, medium was dispensed
into 15-mL aliquots into 250 mL culture bottles and autoclaved at
121°C for 20 min All cultures were incubated at 22 + 2°C under a
16-h photoperiod of 60 pmolm™s™? irradiance provided by white
fluorescent tubes (40V, Phillips, India) for 1-2 weeks. Control
explants were cultured on medium devoid of PGRs. The frequency
of callus formation was determined 2-3 weeks after culture initi-
ation.

2. Shoot initiation and multiplication

To induce shoot initiation callus cultures were transferred to MS
medium containing different concentrations of BA and KIN. After
2 weeks’ incubation shoots were transferred to MS medium con-
taining different concentrations of BA (0.5-2.0 mg/L) and KIN
(0.5-2.0 mg/L) for multiple shoot proliferation. Cultures were
serially subcultured every 4 weeks to maximize shoot multiplica-
tion. The number and length of shoots were recorded before each
subculture.

3. In vitro rooting and acclimatization

Regenerated shoots that had elongated to 8-12 cm were excised
and transferred to MS full- and half-strength medium with dif-
ferent concentrations of IAA and IBA or without PGRs for root
induction. The percentage of rooting, average number and length
of roots per explant was recorded after 2-3 weeks of incubation
(Table 2). Regenerated plantlets were removed from culture tubes,
washed gently under running tap water to remove adherent media
and transferred to pots containing Soilrite® (Indo American Hybrid
Seeds Ltd., India). In vitro derived plants were covered with poly-
thene bags in order to maintain ambient humidity at 90% for 2-3
weeks. Later, acclimatized plants were gradually exposed to
greenhouse (25 + 22°C) conditions, which were maintained under
partial shade for 2 weeks before subsequent transfer to the field.
The plants were supplemented daily with 1/10™ of the MS medium
for hardening. The survival rate was recorded once a week for 2
months.

Extraction of hypericin and HPLC analysis

Extraction of in vitro samples from both callus and young leaves
were performed by using freeze-dried, lyophilized powdered plant
material of 30 days culture, and then stored at -40°C until chemi-
cal analysis. Ex vitro samples (natural plants) were collected di-
rectly from a one-year-old plant, dried and powdered by using a
mortar for hypericin extraction. 10 g of each sample was pulve-
rized in 100 mL chloroform using a mortar to remove pigments
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(including carotenoids), lipids and resinous substances. The lipo-
philic fractions of all the extracts were filtered, dried and again ex-
tracted with 50 mL methanol using an ultrasonic sonicator (Ultra
sonic FS-14 Sonicator, Fisher Scientific, Canada) for 16 min at 20
kHz. The extracts were evaporated to dryness under reduced
pressure and purified by column chromatography using Sephadex
LH-20 (Sigma, India). 100 g of Sephadex LH-20 was weighed and
left in 900 ml of methanol overnight. The column material was
then packed into a 3.5 cm diameter and 90 cm length glass column
with a teflon top. 1.0 g of carotenoid-pigment free extract was
dissolved in 5 ml of methanol and loaded into the Sephadex LH-
20 column. The column was eluted with methanol at the flow rate
of 1.2 mL/min. The first 250 ml of fraction was assumed as a void
volume. The fractions were collected with a fraction collector; a
total of 55 fractions of 5 ml per tube were collected. Later all the
fractions were subjected to UV spectroscopy (Eppendorf, Ger-
many) measurements by scanning from 200-600 nm. The initial
fractions were found to contain flavonoids with maximum absor-
bance at 260-350 nm. Remaining fractions were measured at 590
nm since hypericin has highest absorbance at 590 nm (Dias et al.
1999). Hypericin was detected in the 54™ fraction with maximum
absorbance at 590 nm. Simultaneously fractions were checked for
the presence of hypericin by using HPLC (Shimadzu Corporation,
Japan. Model-LC-10 ADVP Pump and SPD-10AV UP UV- Vis
detector). For separation HPLC column used was C-18 column
(150 x 4.6 mm, 5 pum) (Phenomenex, India). The mobile phase
consisted of an isocratic mixture of methanol: phosphate buffer:
ethyl acetate (370: 130: 100 w/w/w). The pH of the phosphate buf-
fer (5.0 mM) (Sigma, India) was adjusted to 2.1 by using phos-
phoric acid (Merck, India). The flow rate, column temperature and
detection wavelength were set at 1.0 mL/min, 30°C and 590 nm,
respectively. The sample injection volume was 10 uL and the run
time was 45 min. The quantity of compounds was calculated by an
external standard calibration curve of hypericin in the concentra-
tion range 0.5-100 pg/mL (r* = 0.999). The HPLC chromatogram
was monitored at 590 nm and the obtained data were compared
with authentic standard hypericin (Sigma, India), based on reten-
tion time, UV spectrum and peak area by using Shimadzu LC
Solution Software.

The presence of hypericin was also confirmed by using thin
layer chromatography (TLC). TLC silica gel 60 Fjs4 aluminum
sheets of 20 x 20 c¢m in size (Merck, India) was used with toluene:
ethyl acetate: formic acid (50: 40: 10 v/v/v) as the mobile phase.
The fractions obtained from column chromatography were sub-
jected to TLC along with standard hypericin. The TLC plates were
sprayed with vanillin (1%) and sulphuric acid (1%) reagent
(Merck, India). Later TLC plates were dried and heated to 120°C
on a hotplate for 5 min for the identification of hypericin.

Standards and reagents

Authentic standards, antibiotics, PGRs and reagents were pur-
chased from Sigma, India and HPLC grade solvents were pur-
chased from Merck, India. Standard stock solutions was prepared
at 1.0 mg/mL concentration using HPLC grade methanol and
stored at -20°C.

Statistical analysis

Data on the development of in vitro cultures was based on 15 rep-
licates. For hypericin, quantification was based on three indepen-
dent experiments. Mean values were subjected to analysis of vari-
ance (ANOVA) using SPSS software (v. 16.0). Significant dif-
ferences were compared by Duncan’s multiple range test at P =
0.05. The results are expressed as means + standard error (SE).

RESULTS

Effect of PGRs on callus induction and shoot
multiplication

Leaf explants cultured on MS medium supplemented with
different PGRs were able to initiate callus within 2 weeks of
incubation (Table 1). No response was seen in PGR-free
medium (control). The highest percentage callus formation
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Table 1 Effect of different growth regulators present in MS medium on
callus initiation of Hypericum mysorense using leaf as explants.
Growth regulators in MS medium Percentage of callus formed

(mg/L)

BA (1.0) 351+1.09b
BA (2.0) 452+1.02a
KIN (1.0) 30.6+0.94 ¢
KIN (2.0) 192+1.71d
BA (1.0) + NAA (0.5) 81.2+0.98b
BA (1.0) + NAA (1.0) 96.4+1.02a
BA (2.0) + NAA (0.5) 67.5+123 ¢
BA (2.0) + NAA (1.0) 63.9+134d
BA(1.0) +2,4-D (0.5) 313+181b
BA(1.0) +2,4-D (1.0) 395+1.01a
BA (2.0) + 2,4-D (0.5) 243+122¢
BA (2.0) +2,4-D (1.0) 19.1+£191d
KIN (1.0) + NAA (0.5) 538+1.22b
KIN (1.0) + NAA (1.0) 61.9+144a
KIN (2.0) + NAA (0.5) 337+1.03¢
KIN (2.0) + NAA (1.0) 283+2.01d
KIN (1.0) +2,4-D (0.5) 324+1.09a
KIN (1.0) + 2,4-D (1.0) 26.5+121b
KIN (2.0) +2,4-D (0.5) 207+142¢
KIN (2.0) +2,4-D (1.0) 153+£153d

Values represent mean + standard error. Values followed by a letter are signifi-
cantly different according to Duncan’s multiple range test at P = 0.05.

Table 2 Effect of different auxins present in MS medium on root forma-
tion in Hypericum mysorense.

Medium + auxins ~ Percentage of Number of Length of

(mg/L) rooting roots (cm) roots (cm)

MS +1AA(0.1) 251+022¢ 521+£122b 3.15+1.09b
MS +1AA(0.5) 973+234a 11.20+£2.11a 5.10+0.12a
MS +1AA(1.0) 65.6+2.90b 2.14+134c 1.17+£033 ¢
12MS +1AA (0.1) 342+345¢ 401+1.82b 280+091b
12MS +1AA(0.5) 57.0+4.10a 345+128¢c 333+145a
12MS +1AA(1.0) 49.5+3.22D 571+234a 201+145¢c
MS +IBA (0.1) 21.2+1.09b 312+343a 1.04+£1.72¢
MS +IBA (0.5) 30.1+233a 244+391b 197+192a
MS + IBA (1.0) 182+£1.99¢ 122+£237¢  1.54+2.09b
12MS +1BA(0.1) 233+157a 256+2.14b 1.60+1.03a
12MS+1BA(0.5) 205+1.71b 324+227a 1.01+1.68c
%A MS + IBA (1.0) 16.1£131c¢ 121+157¢ 123+1.3%
MS free (Control) 74.1+£225a 8.16+262a 455+2.1la
1/2MS free 57.3+1.78b 6.80+1.15b 391+2.10b

Values represent mean + standard error. Values followed by a letter are signifi-
cantly different according to Duncan’s multiple range test at P = 0.05.

occurred on MS medium supplemented with BA + NAA at
1.0 mg/L (96.4 £ 1.02%) (Figs. 1A, 1B). However, 1.0
mg/L KIN +1.0 mg/L NAA initiated little callus (61.9 +
1.44%) compared to 1.0 mg/L BA + 1.0 mg/L NAA. 2,4-D,
along with BA and KIN initiated callus within 1 week but
necrotic callus was gradually observed. Therefore, the BA +
NAA combination at 1.0 mg/L was the best PGR combi-
nation to obtain maximum fresh weight of healthy callus.
The maximum shoot initiation and multiplication
through callus was observed on MS medium with 1.0 mg/L
BA within 2 weeks (Fig. 1C-F). Shoots also could be pro-
liferated in MS medium containing 2.0 mg/L BA, but shoot
multiplication was reduced after 2-3 weeks of incubation,
leading to shoot hyperhydricity, decreased vigor then death.
Shoots induced on KIN (1.0 mg/L) medium were stunted
and had a slow multiplication rate (61.2% shoots produced/
explant). MS medium supplemented with only 1.0 mg/L BA
could efficiently and constantly initiate and multiply shoots
(98.8%) within 18 days of incubation. The number and
length of shoots regenerated per explants is shown in Fig. 2.

Effect of auxins on root induction

Rooting was observed in the presence or absence of PGRs.
Roots of 2-5 cm in length were produced within a period of
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Fig. 1 In vitro plant regeneration of Hypericum mysorense. (A-B)
Callus formed on MS medium with BA + NAA at (1.0 mg/L) after 3
weeks of incubation. (C-D) Axilary shoots developed on the surface of
callus on MS medium containing BA (1.0 mg/L). (E-F) Multiple shoot
proliferation and elongation on MS medium containing BA (1.0 mg/L).
(G) Roots formation after one week of incubation on MS medium con-
taining IAA (0.5 mg/L). (H) Acclimatized in vitro plant developed in
greenhouse conditions.

2 weeks; these branched profusely (Fig. 1G) in MS medium
containing 0.5 mg/L IAA and in PGR-free medium with a
high survival percentage (97.0 + 2.34 and 74 £ 2.25, respec-
tively). At higher concentration of IBA (1.0 mg/L) roots
became necrotic and were not considered for further inves-
tigations. The percentage of rooting, average number and
length of roots formed are shown in Table 2.

Acclimatization

A crucial aspect of in vitro propagation is to acquire
regenerated plants that are capable of surviving in a natural
environment. The acclimatization stage was successfully
performed by transplanting the plantlets to pots containing
Soilrite™ in greenhouse conditions. The regenerated plant-
lets were successfully acclimatized with a 98% survival rate
(Fig. 1H). The plants did not show detectable variation with
respect to morphological or growth characteristics when
compared with the respective parent plant.
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Fig. 2 Effect of cytokinins (BA and KIN) on shoot multiplication of
Hypericum mysorense. Data represented as mean values. The significant
differences were compared by using Duncan’s multiple range test at P =
0.05 using SPSS software (v. 16.0). Error bar indicates standard deviation
of fifteen replicates.
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Fig. 3 Comparison of hypericin levels in callus, LIVP (leaves of in vitro
plants) and LEVP (leaves of ex vitro plants) of Hypericum mysorense.
Data represented as mean values. The significant differences were com-
pared by using Duncan’s multiple range test at P = 0.05 using SPSS soft-
ware (v. 16.0). Error bar indicates standard deviation of three replicates.
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Fig. 4 Comparison of hypericin levels produced during different sta-
ges of in vitro plant development of Hypericum mysorense. Data repre-
sented as mean values. The significant differences were compared by
using Duncan’s multiple range test at P = 0.05 using SPSS software (v.
16.0). Error bar indicates standard deviation of three replicates.

Identification and quantification of hypericin

HPLC analysis of the methanolic extracts of in vitro (callus
and leaves) and ex vitro (leaves) samples allowed hypericin
to be identified and quantified by comparing with an au-
thentic standard sample on the basis of retention time, UV
spectrum and peak area of the HPLC chromatogram. Under
optimized condition the retention time of standard hypericin
was recorded at 15.85 min which was the same for all the
samples tested. The presence of hypericin was also con-
firmed by using TLC. Hypericin spot was visualizated as
red after spraying with vanillin (1%) and sulphuric acid
(1%) reagent.

The highest amount of hypericin was present in callus
(5.0 pg/g, w/v) compared to leaves (4.1 pg/g, w/v) of in
vitro cultures (Fig. 3). Hypericin levels were also evaluated
after every 2 weeks of incubation during in vitro develop-
mental stages of 2-, 4- and 6-week cultures. Most hypericin
was detected in the 4™ week of callus culture ghS.O ng/eg,
w/v) and leaves (4.1 png/g, w/v) collected at the 6 week of
culture (Fig. 4). Leaf extracts of ex vitro plantlets contained
3.1 pg/g (w/v) of hypericin.

Effect of PGRs on hypericin production

To study the effect of PGRs on hypericin production, in
vitro cultures grown in the presence and absence (control)
of PGRs were used. Leaf extracts of in vitro cultures grown
in the presence of PGRs accumulated significantly large
amounts of hypericin while a trace amount was detected in
the control. Among all the in vitro cultures examined, most
hypericin was noted in callus (2.3-5.0 pg/g, w/v) followed
by leaf extracts (2.9-4.1 pg/g, w/v). The HPLC profile of
isolated and standard hypericin from callus cultures is
shown in Fig. 5. Callus did not form in PGR-free medium
(control) for hypericin identification. Therefore, BA and
NAA at 1.0 mg/L present in MS medium act as comple-
mentary inducers for the production of hypericin in callus
cultures. Similarly, BA (1.0 mg/L), when present alone in
MS medium, influenced multiple shoot proliferation and
stimulated hypericin levels in leaves. The HPLC analysis of
leaf extracts of ex vitro cultures showed less hypericin (3.1
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Fig. 5 HPLC profile of isolated hypericin from callus culture of Hype-
ricum mysorense. (A) Isolated hypericin. (B) Standard hypericin.
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pg/g, w/v) than in vitro cultures (Fig. 3). The hypericin in
the parent plant accumulated to 3.0 pg/g, (w/v) in leaf sam-
ples (pers. obs.), which is similar to ex vitro (3.1 pg/g, w/v)
samples. Therefore, callus culture is the best source for the
large-scale production of hypericin and PGRs are necessary
for the biosynthesis of this bioactive compound during in
vitro plant regeneration of H. mysorense.

DISCUSSION
Effect of PGRs on callus formation

The PGRs used for callus formation varied at different PGR
combinations. MS medium supplemented with 1.0 mg/L
BA and 1.0 mg/L NAA was most effective to initiate and
multiply callus, which was intact and yellowish. In contrast,
in the other treatments MS medium containing 2,4-D (0.1
mg/L) + BA (0.5 mg/L) callus was dark brownish and less
intact and became necrotic after 2 weeks’ incubation. A
similar observation was recorded in H. perforatum cultures
(Pretto and Santarém 2000). According to previous reports,
2,4-D (0.2 mg/L) + KIN (0.02 mg/L) were effective PGRs
for callus induction in H. perforatum cell suspension cul-
tures (Bais ef al. 2002; Walker et al. 2002). Similarly Ayan
et al. (2005) reported optimum callus formation in the pre-
sence of 2,4-D + KIN at 0.5 mg/L. Also, callus cultures
have been developed in H. perforatum by culturing leaf ex-
plants in the presence of 2,4-D + KIN at 0.1 mg/L (W¢jcik
and Podstolski 2007). In H. brasiliense, nodal explants
could only form callus in the presence of 2,4-D (2.0 mg/L)
or NAA (10 mg/L) using either MS or Bs medium (Cardoso
and Oliveira 1996). In the present study BA (1.0 mg/L) +
NAA (0.5 mg/L) resulted in good callus formation (Table 1),
but callus was dark brownish, possibly indicating the pre-
sence of phenolic acids. Similar observation was repoted in
H. perforatum in vitro cultures (Gadzovska et al. 2003). In
this study MS medium with BA and NAA at 1.0 mg/L were
essential to establish H. mysorense callus cultures.

Effect PGRs on shoot initiation and multiplication

The highest frequency of shoot initiation and multiplication
through callus was recorded in the presence of 1.0 mg/L BA
alone (Fig. 2). Similar results were observed in previous
studies in H. perforatum by using BA at 1.0 mg/L (Cella-
rova et al. 1992; Pretto and Santarém 2000; Ayan et al.
2005) and BA at 0.4 mg/L in H. polyanthemum (Bernardi et
al. 2007). However, cytokinins were frequently used in com-
bination with auxins for shoot regeneration of different
Hypericum species: BA (0.1-1.0 mg/L) + NAA (0.5 mg/L)
in H. canariense (Mederos 1991) and H. foliosum (Moura
1998); BA (1.0 mg/L) + IAA (0.5 mg/L) in H. perforatum
(W¢jcik and Podstolski 2007). In the present study high
concentrations of BA (2.0 mg/L) reduced the shoot length
and multiplication after 2-3 sub cultures (Fig. 2). A similar
observation was noted in H. perforatum (Gadzovska et al.
2003). Therefore, standardization of in vitro plant regenera-
tion of a particular species is important for further inves-
tigation of pharmaceutically active compounds.

Effect of PGRs on root formation

IBA, IAA and NAA have commonly been used to improve
rooting in different Hypericum species. The differential res-
ponse of auxins has been reported in previous studies. In H.
canariense roots were induced either in the presence of IBA
(1.0 mg/L) or NAA (0.5 mg/L) (Mederos 1991). In H. per-
foratum 1AA and IBA at 0.05-1.0 mg/L were the most
effective for root formation (Gadzovska et al 2005).
However, these PGRs did not efficiently induce roots in H.
foliosum (Moura 1998). Half-strength MS medium with or
without IBA (1.0-1.5 mg/L) were also successful in
inducing roots in H. perforatum (Pretto and Santarém 2000;
Santarém and Astarita 2003). In the present investigation
MS medium with 0.5 mg/L TAA and PGR-free medium
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were more effective in initiation and elongation of roots,
respectively (Table 2). Roots induced on IAA-containing
medium were thick and adventitious while those induced in
the presence of IBA were thin, fragile and short.

The benefit of any micropropagation system can be
fully realized by transferring the plantlets from tissue
culture to ex vitro conditions (Hazarika 2003). Regenerated
plantlets grew well in greenhouse conditions without any
phenotypic changes with 98% survival in the field. There-
fore, callus culture could be used for the large-scale produc-
tion of hypericin and PGRs are necessary for the biosyn-
thesis of the bioactive compound, hypericin.

Effect of PGRs on hypericin production

Establishment of protocols for cultivation of medicinal
plants using different PGRs to enhance the production of
bioactive compounds is required for commercial and
research applications. Studies have been reported for the
production of hypericin and flavonoids in cell cultures of AH.
perforatum (Kartnig and Brantner 1990; Yazaki and Okuda
1990). Hypericin found in cell cultures are of the same con-
centration of those usually found in the whole plant (Kart-
nig et al. 1996). In H. perforatum callus cultures, BA (4.0-
5.0 mg/L) did not changed hypericin contents (15-20 ng/g)
but improved the production of hypericin (25-50 pg/g) at
BA concentration range from 0.1 to 2.0 mg/L (Gadzovska et
al. 2005). However, hypericin was identified only in in vitro
plants (0.3 mg/g) and in vitro shoots (1.5 mg/g) but not in
callus cultures of H. perforatum (Dias et al. 1999). In an-
other study high level of hypericin was detected in shoots
(0.5 mg/g) than in callus cultures (0.11 mg/g) (Santarém
and Astarita 2003). In another study hypericin was identi-
fied in trace amounts or was absent in H. perforatum callus
cultures compared to differentiated tissues (Kirakosyan et al.
2000a). In our study reports that callus (5.0 ug/g, w/v) ac-
cumulated hypericin in higher levels than leaves (4.1 pg/g,
w/v). This divergent result might be due to different PGRs,
culture medium and growth condition used. Verma et al.
(2008) reported synthesis of hypericin is strongly correlated
with genetic and environment factors. Hypericin levels
varied from 0.26-18.0 mg/g of plant material in different H.
perforatum collected from different locations in India,
which were analyzed by using DNA markers. Natural prod-
ucts accumulate in cultured cells of medicinal plants at
higher levels than those in native plants through optimized
culture conditions (Mulabagal and Tsay 2004). Therefore,
results indicated that callus cultures grown with hormonal
supplementation (BA and NAA at 1.0 mg/L) were able to
acquire certain degree of differentiation and capability for
production of secondary metabolites like hypericin in H.
mysorense.

CONCLUDING REMARKS

To the best of our knowledge this is the first ever report for
the micropropagation of H. mysorense and simultaneous
production of hypericin under the influence of specific
PGRs. The procedure reported here allowed for micropro-
pagation within a period of 3 months. Furthermore, standar-
dized HPLC and TLC protocols could be used for further
characterization of phytochemicals of pharmaceutical inter-
est.
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