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ABSTRACT

Objective: The present study aimed to the isolation and
characterization of phytochemicals from tissue cultures of Arnebia
hispidissima. The isolated compounds were evaluated for their
antioxidant and antimicrobial activities.

Materials and Methods: Six derivatives of alkannin and shikonin
were isolated and characterized by using various physical and
spectroscopic techniques from callus tissue of 4. hispidissima. The
callus tissue was generated by using Murashige and Skoog culture
medium. The isolated compounds were assayed for DPPH-radical,
reducing power, superoxide anion and metal chelating scavenging
and antimicrobial activities by adopting well established methods.
Results: The observed results revealed that deoxyshikonin showed
maximum inhibition (290.20+0.440%) to DPPH-radical scavenging
assay and shikonin demonstrated higher reducing ability
(498.32+0.431%).  Similarly, the  propionylalkannin  and
acetylshikonin possessed moderate to maximum superoxide
(345.45+£0.632%) and metal chelating abilities (264.76+0,531%).
Moreover, effective antimicrobial activity was also demonstrated by
all the isolated derivatives of alkannin and shikonin.

Conclusion: The results of present study suggested that the isolated
compounds demonstrated modern antioxidant and high antimicrobial
activities. Therefore, further investigations need to be carried out to
isolate new phytochemicals from tissues cultures and screening for
other different biological and pharmacological activities.

Keywords:  Arnebia  hispidissima, =~ Antioxidant  activity,
Antimicrobial activity, Alkannin, Shikonin derivatives.
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INTRODUCTION

Nature has been a rich source of
phytomedicinal agents for thousands of
years and an impressive number of modern
drugs have been isolated from plants, many
of them based on their use in traditional
medicine. Plants are the basic source of
knowledge of Ayurvedic and modern
medicine."? 4. hispidissima occurs in
northern tropical Africa, Egypt, Pakistan and
drier part of Rajasthan, India. The roots of
A. hispidissima used in treatment of boils,
heart ailments, headache, and fever. The
crude extract of floral parts traditionally
known for tonic, diuretic and expectorant.**

The roots of Arnebia species contain
mixture of naphthaquinones including
derivatives of alkannin and shikonin.>”
Shikonin and its derivatives were also
investigated from tissue cultures in Arnebia
species.'™!  These phytochemicals are
potent pharmaceutical substances that
showed significant biological activities
including antioxidant'*™"* and
antimicrobial'>'®. The main focus of our
study was to isolation, characterization of
phytochemicals from callus cultures of A.
hispidissima and evaluation of their
antioxidant and antimicrobial activities.

MATERIALS AND METHODS

Plant materials

Arnebia hispidissima (Lehm.) DC.
(Boraginaceae) was collected (February,
2011) from the local fields of Jaipur and
botanical identification confirmed by
Professor R.S. Mishra, Department of Botany,
University of Rajasthan, Jaipur, India
(Herbarium sheet no. RUBL 19441). The
plants were grown in greenhouse of the
Amity University Rajasthan, Jaipur and
waited for maturity of seeds. The seeds were
germinated in greenhouse to obtain the
seedlings for tissue culture studies.

General experimental conditions

The spectral data were obtained on the
following instruments: MS, Hewlett Packard
HP 5972 A spectrometer equipped with 30 m
long x 0.25 mm i.d. and HP5-MS capillary
column; GC-MS, equipped with a HP 5933
data system, direct inlet at 70 eV; UV, Perkin-
Elmer, model-200; 'H-NMR and “C-NMR,
Bruker AM 400 system recorded at 400, 200
and 50 MHz FT-NMR spectrometer; ESI-MS
spectra at 3200 QTRAP LC/MS/MS mass
spectrometer, an ion spray voltage +4, 500 V,
declustering potential-50 V, entrance potential
10V. [a]p values were measured by Perkin-
Elmer 341 polarimeter. Silica gel 60 (230—
400 mesh; Merck) was used for column
chromatography and silica gel G used for
TLC and preparative TLC (Merck).

Tissue culture studies

The seedlings of A. hispidissima were
surface sterilized with 0.1% (w/v) HgCI2
solution for 1.5-2 min and then rinsed 3-4
times with sterilized distilled water. These
sterilized seedlings (3-4 mm in size) were
then aseptically inoculated onto Murashige
and Skoog'” culture medium and divided into
two groups. In first group, the MS culture
medium was supplemented with 0.5 mg/L
indole-3-acetic acid (IAA) and 1.20 mg/L
benzyl amino purine (BAP), 3.0% sugar and
150 mg/L activated charcoal for the isolation
of alkannin derivatives while in the second
group, the explants were cultured onto MS
medium supplemented with 5.0 mg/L 2, 4-
dichlorophenoxyacetic acid (2, 4-D) + 2.50
mg/L BAP and 3.0 % sugar + 100 mg/L
activated charcoal used for the isolation of
shikonin and its derivatives. The seedlings
thus started to differentiated tissue formation
after 25-28 days of inoculation. These
cultures were incubated at 25+1 °C with 60%
relative humidity in the dark. The callus tissue
sample was transferred onto the fresh MS
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medium after 4-5 weeks intervals. The callus
tissue was harvested separately of both groups
(first and second) at the transfer age of 5
weeks.

Extraction and characterization

Lyophilized callus tissue (188.975 g)
of A. hispidissima was Soxhlet extracted (first
group) with n-hexane for 4 days, filtered and
concentrated by removing n-hexane (3.116 g).
The red semi-solid n-hexane extract (2.115 g)
was subjected to column chromatography for
separation of fractions using the gradients of
n-hexane: EtOAc (100-00, 75-25, 50-50, 25-
75, 00-100, v/v) and 08 fractions were
collected (A-H). These separated fractions
were further examined by preparative TLC:
fraction A (565 mg) developed with
cyclohexane - EtOAc - AcOH (80: 19: 1.0,
v/v) yielded compound I ( yield-178 mg);
fractions B-D pooled (647 mg) and developed
with the solvent as cyclohexane: Et,0: AcOH
(85 — 14 — 1.0, v/v) afforded the compound II
(217 mg); similarly, remaining fractions E-H
pooled (578 mg) together and developed with
PhMe — EtOAc - AcOH (93: 6.0: 1.0, v/v)
gave the compound III (228 mg).

For the isolation of shikonin and its
derivatives, the lyophilized callus tissue
(164.975 g) of A. hispidissima was Soxhlet
extracted (second group) with n-hexane —
dichloromethane (1: 1, v/v) for 4 days, filtered
and concentrated by removing n-hexane -
dichloromethane (2.342 g). The red semi-
solid n-hexane - dichloromethane extract
(2.115 g) was subjected to column
chromatography for separation of fractions
using the gradients of  n-hexane:
dichloromethane (100-00, 75-25, 50-50, 25-
75, 00-100, v/v) and 08 fractions were
collected (A-H). The shikonin and its
derivatives were isolated by preparative TLC
as follows: fractions A-C pooled together
(653 mg) and developed with n-hexane:
MeOH: AcOH (62 — 20 — 18, v/v) afforded
the compound as IV (167 mg); fractions D-F

pooled (589 mg) and developed with the
solvent as acetonitrile — MeOH — AcOH (60:
20: 20, v/v) yielded the compound V (237
mg); the remaining fractions as G-H pooled
together (469 mg) and developed with
acetonitrile: MeOH: AcOH (60 — 20 — 20,
v/v) gave the compound as VI (317 mg).

Propionylalkannin (I)

Red semi-solid; [a]”p: — 221 (c =
0.00136); "H-NMR (400 MHz, CDCl3) 6 1.17
(3H, t, J = 7.6 Hz, H-3"), 1.58 and 1.69 (2 X
3H, 2 x s, H-5" and H-6"), 2.43 (2H, ¢, /= 7.6
Hz, H-2"), 2.47 and 2.62 (2 x 1H, 2 x m, H-
2", 5.12 (1H, m, H-3"), 6.03 (1H, m, H-1"),
6.98 (1H, d, J= 1.0 Hz, H-3), 7.19 (2H, s, H-
6 and H-7), 12.44 and 12.60 (2 x 1H, 2 x s,
OH). "C-NMR (50 MHz, CDCls) 6 9.0 (C-
3"), 17.9 (C-6"), 25.8 (C-5"), 27.6 (C-2"), 32.8
(C-2", 69.2 (C-1"), 111.6 and 111.8 (C-9 and
C-10), 117.7 (C-3"), 131.4 (C-3), 132.7 and
132.8 (C-6 and C-7), 136.0 (C-4"), 148.4 (C-
2), 166.8 and 167.3 (C-5 and C-8), 173.2 (C-
1"), 176.8 and 178.3 (C-1 and C-4); ESI-MS
m/z 345 [M'H]". 'H-NMR and assignments of
carbon are an identical with data reported in
literature.'®'®

B-hydroxyisovalerylalkannin (II)

Red semi-solid; [a]”p : — 147 (c =
0.00136); "H-NMR (400 MHz, CDCl;) § 1.30
and 1.31 (2 x 3H, 2 x s, H-4" and H-5"), 1.59
(3H, s, H-6"), 1.69 (3H, s, H-5"), 2.51 and 2.62
(2 x 1H, 2 x m, H-2"), 2.59 (2H, s, H-2"), 5.12
(1H, ¢, J= 6.7 Hz, H-3"), 6.09 (1H, dd, J = 4.6
and 7.2 Hz, H-1"), 7.02 (1H, s, H-3), 7.18 (2H,
s, H-6 and H-7), 12.42 and 12.60 (2 x 1H, 2 x
s, OH). >C-NMR (50 MHz, CDCl;) § 17.9
(C-6"), 25.7 (C-5"), 29.1 and 29.2 (C-4" and C-
5", 32.9 (C-2'), 46.5 (C-2"), 69.1 (C-3"), 69.8
(C-1"), 111.6 and 111.8 (C-9 and C-10), 117.6
(C-3", 131.3 (C-3), 133.1 and 133.3 (C-6 and
C-7), 136.4 (C-4"), 147.5 (C-2), 168.2 and
168.7 (C-5 and C-8), 171.7 (C-1"), 175.3 and
176.9 (C-1 and C-4); ESI-MS m/z 389 [M"
H]". '"H-NMR and assignments of carbon are
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an identical with data reported in
literature.'®'®

Teracrylalkannin (III)

Red semi-solid; [a]”p: —521 (¢ =
0.00192); "H-NMR (400 MHz, CDCl;) 6 1.53
and 1.56 (2 x 3H, 2 x s, H-6" and H-7"), 1.57
and 1.68 (2 x 3H, 2 x 5, H-5" and H-6"), 2.00
(3H, s, H-5"), 2.47 and 2.61 (2 x 1H, 2 x m,
H-2"),294 and 3.02 2 x 1H, 2 x d, J = 144
Hz, H-2"), 5.12 (1H, ¢, /= 7.0 Hz, H-3'), 6.03
(1H, dd, J = 4.4 and 7.2 Hz, H-1"), 7.01 (1H,
s, H-3), 7.18 (2H, s, H-6 and H-7), 12.42 and
12.59 (2 x 1H, 2 x s, OH); ESI-MS, m/z 399
[M" H]". '"H-NMR is an identical with data
reported in literature.'®"

Shikonin (IV)

Red semi-solid; 'H-NMR (CDCl; -
500 MHz ) ¢ 12.50 (2H, s, H4, 5), 7-7.20 (3H,
s, H6, 7, 3),7.00 (2H, s, H1, 8), 5.10 (1H, s, ¢,
H10), 2.60 (2H, m, H11, ), 2.10 (2H, m, H2,
9), 1.68 (2H, s, H15,13 ), 1.60 (2H, s, H16,
12). BC-NMR (CDCl; - 500 MHz) 6 181.00
(C-1), 169.76 (C-4), 167.00 (C-5), 166.94 (C-
8), 148.49 (C-2), 131.40 (C-6, C-7), 136.10
(C-3), 111.84 (C-10), 111.59 (C-9), 132.86
(C-14), 31.93 (C-12), 117.69 (C-13), 26.63
(C-11), 22.69 (C-15), 22.00 (C-6). "H-NMR
and assignments of carbon are an identical
with data reported in literature."

Deoxyshikonin (V)

Red oil, '"H-NMR (200 MHz, CDCly),
0 12.65 (s, 1H, phenolic OH), 12.48 (s, 1H,
phenolic OH), 7.21 (s, 2H, and H-7), 6.85 (t,
1H, H-3, J = 1.2 Hz), 5.14 (tm, 1H, H-3, J =
7.1 Hz), 2.64 (dt, 2H, H-1°, J = 7.2, 1.2Hz),
2.30 (¢, 2H, H-2’,J=17.2 Hz), 1.70 (d, 3H, H-
5°, J = 1.1 Hz), 1.58 (s, 3H, H-6"). ESI-MS
m/z 272.1 (M, 30), 229.0 (15), 216.0 (18),
204.0 (54), 69.0 (100). 'H-NMR is an
agreement with data given in available
literature. 2**'

Acetylshikonin (VI)

Dark red solid; '"H-NMR (200 MHz,
CDCls) 0 12.56 (s, 1H, phenolic OH), 12.40
(s, 1H, phenolic OH), 7.16 (s, 2H, H-6 and H-
7), 6.98 (d, 1H, H-3, J = 1.0 Hz), 6.01 (ddd,
1H, H-1’, J=17.0, 4.6, 1.0 Hz), 5.11 (tm, 1H,
H-3°, J = 6.0 Hz), 2.65-2.42 (m, 2H, H-2’),
2.14 (s, 3H, H-2”), 1.68 (s, 3H, H-5"), 1.56 (s,
3H, H-6). "C-NMR (50 Hz, CDCl;) 6 178.0
(C-4), 176.6 (C-1), 169.6 (C-17), 167.5 (C-8),
167.0 (C-5), 148.2 (C-2), 136.0 (C-4), 132.8
(C-6), 132.6 (C-7), 131.5 (C-3), 117.7 (C-3"),
111.8 (C-9), 111.6 (C-10), 69.5 (C-1°), 32.9
(C-2°), 25.6 (C-57), 20.8 (C-27), 17.9 (C-6").
ESI-MS (m/z) 330.1 (M, 3), 270.3 (100),
255.2 (55), 219.2 (88), 191.2 (12), 83 (30).
'H-NMR is an identical with data reported in
literature® and assignments of carbon was
written as available in literature.’

Antioxidant activity assays

DPPH-radical scavenging activity

For the evaluation of DPPH-free
radical scavenging activity, the protocol of
Yokozawa et al.** was used and performed by
preparing the reaction mixture of DPPH in
methanol (150 uM). Then 0.5 mL of DPPH
solution was added to 0.5 mL of isolated
compounds at different concentrations (10,
20, 30 uM). The reaction mixture was then
stirred, incubated at room temperature for 1.5
h; absorbance values were measured at 517
nm in a UV spectrophotometer against
methanol as blank (negative control) and (+)—
o—tocopherol as positive control. The
inhibition percentage was calculated of
DPPH-radical scavenging activity as follows:

Inhibition (%) = (Absorbance control —
Absorbance gmple)/ Absorbance control X 100.

Reducing power

Reducing power of n-hexane fraction
and isolated compounds was assessed as per
the established method of Shimada et al.”
Three different concentrations of isolated
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compounds (10, 20, 30 uM) were mixed with
potassium ferric cyanide and phosphate buffer
(pH 6.8). The reaction mixture was incubated
at 52 °C for 20 min. Trichloroacetic acid
(TCA) was added (3-4 mL) to the reaction
mixture and centrifuged for 20 min at 1000 g.
After centrifugation, the upper layer of
reaction mixture (1.0 mL) was added in the
mixture of distilled water (1.0 mL) and FeClj
(1.0 mL), incubated the mixture for 20 min
and finally the absorbance was determined at
700 nm in an UV spectrophotometer. The
inhibition percentage was calculated of
reducing power activity as follows:

Inhibition (%) = (Absorbance control —
Absorbance gmplc)/ Absorbance control X 100.

Superoxide anion scavenging activity

Superoxide scavenging activity of n-
hexane fraction and isolated compounds was
assayed by adopting the protocol of Robak
and Gryglewski.** The superoxide radicals
were generated in phenazine methosulfate —
nicotinamide adenine dinucleotide systems by
nicotinamide adenine dinucleotide oxidation
and assayed by the reduction process of nitro
blue tetrazolium. Superoxide radicals were
incubated with three different concentrations
of isolated compounds and (+)-a-tocopherol
(10, 20, 30 uM). The process of chemical
reaction was started with mixing of 1.0 mL of
phenazine methosulfate (110 pM) solution to
the reaction mixture. The reaction mixture
was kept stable at room temperature for 15
min and the absorbance was measured at 560
nm against blank sample by using UV
spectrophotometer.  The  inhibition  of
superoxide anion scavenging activity was
calculated as follows:

Inhibition (%) = (Absorbance control —
Absorbance sample)/Absorbance control % 100.

Metal chelating scavenging activity

The metal chelating activity of n-
hexane fraction and isolated compounds was
determined according to the method of Dinis

et al® The different concentrations of
isolated compounds (10, 20, 30 uM) in
MeOH (1.0 ml) were added to 3.7 mL of
MeOH and 0.1 mL of 2.0 uM/L ferrous
chloride. The reaction was started by the
mixing of 0.2 mL of 5.0 uM/L ferrozine.
Reaction mixture was incubated for 15 min at
room temperature; the absorbance was
measured at 562 nm against blank as MeOH.
The inhibition percentage of the ferrozine-
Fe’* complex formation by the isolated
compounds and the synthetic chelator EDTA
calculated by using the following formula:

Metal chelating scavenging ability
(%) = [Acontrol - Asample/ Acontrol] x 100.

Sources of microorganisms

Bacterial pure cultures, Enterobacter
cloacae (ATCC-25294), Escherichia coli
(TACC-5922),  Staphylococcus aureus
(ATCC-25923),  Klebsiella  pneumonia
(ATCC-59008), Bacillus subtilis (ATCC-
10031), and Streptococcus pneumoniae
(ATCC-10032) obtained from S. M. S.
Medical College, Jaipur and were cultured on
nutrient growth agar culture medium at 37 °C
for 24 h. The fungi, Aspergillus niger, A.
flavus, Rhizoctonia phaseoli, Penicillium
chrysogenum  (from  Seed  Pathology
Laboratory, = Department of  Botany,
University of Rajasthan, Jaipur), were grown
on potato dextrose agar medium at 27 °C for
48 h and Candida albicans (obtained from
Superior Diagnostic Centre, Jaipur) was
grown in Sabouraud dextrose broth medium
at 30 °C for 5 days.*

Antimicrobial assay

The minimum inhibitory
concentration (MIC) of n-hexane fraction and
isolated compounds was evaluated against
selected bacteria and fungi by microdilution
method.”’ The test microorganisms were
cultured in nutrient broth (Difco Co.) at 37 °C
for bacteria and Sabouraud dextrose broth
medium (Difco Co.) at 30 °C for C. albicans,
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respectively. After 24 h, 1.0 mL of culture
broth from culture was transferred to 10 mL
of the same medium and further incubated for
6 h and each culture was adjusted with
nutrient broth or Sabouraud dextrose broth to
obtain 0.1 mL cell culture was inoculated in
tubes with 0.9 mL of nutrient broth or
Sabouraud dextrose broth supplemented with
different concentrations of the n-hexane
fraction, isolated compounds and reference
compounds which were dissolved in dimethyl
sulphoxide. Culture with dimethyl sulphoxide
(0.5%) was used as solvent control, and
culture supplemented with ciprofloxacin,
tobramycin (for bacteria) and amphotericin-B
(for fungi) was used as positive control,
respectively. The MIC was expressed as the
lowest concentration that able to inhibit and
visible microbe growth was calculated of cell
growth OD after 48 h cultivation. All data are
presented as mean values of triplicate
readings of each microorganism.

Statistical analysis

The data were expressed for
antioxidant activity as mean, SD and
statistically assessed by one analysis of
variance (ANOVA). P <0.05 was considered
significant for antioxidant activity.

RESULTS AND DISCUSSION

Establishment of callus

The seedlings of 4. hispidissima were
inoculated in two different combinations of
MS culture medium containing 0.5 mg/L IAA
and 1.20 mg/L BAP (first group) and another
combination was supplemented with 5.0
mg/L 2, 4-D and 2.50 mg/L BAP (second
group) for induction of callus. The highest
frequency of growth of callus was optimized
by using different concentrations of growth
hormones of two combinations of MS culture
medium (Fig. 1). After successful attempts,
we observed the occurrence of different
compounds in MS culture medium. Cultures

of both groups were incubated in dark.
Cultures of both groups were harvested
separately after 5 weeks of incubation.
Harvested callus of both groups was used for
isolation and characterization of
phytochemicals. After chemical
characterization, we investigated three
alkannin and three shikonin derivatives from
callus tissues of A. hispidissima, viz, (I)
propionylalkannin (178 mg; first group), (II)
B-hydroxyisovaleryl alkannin (217 mg; first
group), (III) teracrylalkannin (228 mg; first
group), (IV) shikonin (167 mg; second
group), (V) deoxyshikonin (237 mg; second
group), and (VI) acetylshikonin (317 mg;
second group) (Fig. 2).

The observed results showed that the
callus was dark red and morphologically
similar ~ but the accumulation of
phytochemicals was different. To promote
continuous accumulation of phytochemicals,
the activated charcoal was supplemented in
culture =~ medium at two  different
concentrations in cultures of group first (150
mg/L) and second (100 mg/L). After
comparison, it was found that 100 mg/L
concentration promoted more accumulation
of phytochemicals than 150 mg/L in cultures.
The concentration of growth regulators and
adsorbents individually or in combination
significantly promotes the growth and
accumulation of secondary metabolites in cell
cultures e.g., naphthalene acetic acid (NAA)
or indole-3-acetic acid (IAA) increased the
production of nicotine in suspension cultures
of Nicotiana tabaccum, shikonin production
in Lithospermum erythrorhizon™® and A.
hispidissima,®**'  phenol  production  in
Sericostoma pauciflorum.>® Previous studies
have proved that photoperiod incubation
reduced the accumulation of pigments in cell
cultures while dark period incubation
promoted two times higher accumulation of
pigments in cultures of Arnebia species. =
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Antioxidant activity

The antioxidant activity of n-hexane
fraction and isolated compounds was assessed
by using different well established protocols.
The DPPH-free radical scavenging activity of
isolated compounds was measured in terms of
donating the hydrogen or free radical
scavenging ability. Among these isolated
compounds, deoxyshikonin showed
maximum activity (290.20+0.440%) at 30 uM
as compared with (+)-a-tocopherol (reference
compound) which demonstrated 269.44 +
0.852% inhibition at 20 uM (Fig. 3)
concentrations. The DPPH-free radicals’
scavenging activity is based on the ability of
DPPH, to decolorize in the presence of
antioxidative compounds. The DPPH-radical
contains an odd electron that is responsible
for the absorbance at 540 nm and also visible
deep purple color. When DPPH accepts an
electron donated by an antioxidant
compound, the DPPH is decolorized, which
can quantitatively measure from changes in
absorbance.” Several antioxidative agents
react so quickly with peroxyl radicals may
react so slowly or may even be inert to DPPH
due to steric inaccessibility. The DPPH is
decolorized by the reducing agents and
transfer of H, which is significant in
inaccurate  interpretation of  assessing
antioxidant capacity.*®

In case of the reducing power ability,
the n-hexane fraction and isolated compounds
cause the reaction of reduction of the
ferric/ferricyanide ~ complex to  ferrous
complex. Figure 3 shows the sequence of the
reducing power of isolated compounds as
shikonin >  propionylalkannin > -
hydroxyisovaleryl alkannin > acetylshikonin
> teracrylalkannin. In reducing power
activity, it has been argued that the capacity to
reduce iron has very little relationship to the
radical quenching processes mediated by
most of the antioxidant agents. However,
reduction of radical ions still stops radical
chains, and reducing power reflects the ability

of compounds to modulate redox tone in
plasma and tissues.”’

Superoxide anion scavenging activity
profiles of isolated compounds showed that
propionylalkannin had higher inhibition
percentage (345.45 + 0.632%) at 20 uM
concentration (Fig. 3). Interestingly, the lower
concentration (20 puM) of propionylalkannin
displayed higher superoxide scavenging
activity than higher concentration as 30 uM
(224.78 + 0.390%). Superoxide radicals are
produced in human body by various oxidative
enzymes in form of one electron reduction of
molecular oxygen. Xanthine oxidase is one of
the major oxidative enzyme to produce
superoxide radical as a result in tissue
injury.®® In vitro superoxide radical was
generated by xanthine oxidase during the
reaction; nitro blue tetrazolium undergoes
oxidation and leads to water soluble blue
formazone (Gulcin et al, 2004).*° The
decrease in blue color formation after adding
the solvent fractions of isolated compounds in
the reaction mixture was measured as
superoxide radical scavenging. Many
phenolic compounds have been reported to be
potent inhibitors of xanthine oxidase.*

In metal chelating scavenging study,
the chelation of ferrous ions by isolated
compounds was monitored by the method of
Dinis et al.”> The metal chelating compounds
may stop lipid peroxidation by stabilizing
transition metals. Formation of Fe" and
ferrozine complex was completed in the
presence of isolated compounds indicating
that acetylshikonin showed higher chelating
ability (264.76 + 0.531%) than other isolated
compounds and capture ferrous ions (Fig. 3).
Ferrozine can quantitatively form Fe*
complexes, the complex formation can be
checked by the other complexing agents
which cause a decrease in the intensity of red
color of complexes. It has been established
that chelating agents, that form o-bonds with
the heavy metal, are effective antioxidants
because they reduce the redox potential, that’s
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by stabilizing the oxidized form of metal
fon 4142

Antimicrobial activity

The antimicrobial profiles of the n-
hexane and isolated compounds are presented
in the Table 1. The n-hexane fraction, isolated
compounds of A. hispidissima and reference
compounds showed fairly well antimicrobial
activity against selected microorganisms.
Almost all the isolated compounds
demonstrated varying degrees of
antimicrobial potential. Propionylalkannin
showed maximum antibacterial activity
against E. coli (10 pg/ mL) and shikonin
demonstrated similar activity to Streptococcus
pneumoniae (10 pg/ mL). The acetylshikonin
exhibited potent antifungal activity against P.
chrysogenum at the dose of 11 pg/ mL. The
ciprofloxacin and tobramycin possessed
antibacterial activity at all the tested
concentrations (1.0 — 10 pg/ mL) and
amphotericin-B was assessed to active at 1.0
— 10 pg/ mL. The MIC values of isolated
compounds varied from 10 — 95 pg/ mL. In
the available literature, majority of reports
says that 5 - 100 pg/ mL are considered as
effective antimicrobial agents.*”

CONCLUSION

The market demand for plant derived
drugs and dyestuffs in the world are
increasing day by day. As per available data,
there has been shift in the preference of
consumers from synthetic chemicals to plant
derived medicinal agent,44 and in this line,
pharmaceutical companies seeking
continuously new compounds for drugs to
improve their efficacy.” The present study
describes about the application of plant tissue
cultures for the optimization of growth and
accumulation of phytochemicals in cell
cultures. In the present study, the six
compounds were isolated from tissue cultures
of A.  hispidissima and evaluated for

antioxidant and antimicrobial activities. This
has evidenced from the results, that alkannin
and shikonin derivatives demonstrate modern
antioxidant and high antimicrobial activities.
Therefore, further investigations need to be
carried out to isolate new phytochemicals
from tissues cultures and screening for other
different biological and pharmacological
activities.
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Figure 1. A. hispidissima (a) View whole plant; (b) Callus cultured on culture medium supplemented with
0.5mg/L IAA + 1.20mg/L BAP; (c) 5.0mg/L 2,4-D + 2.50mg/L BAP
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Figure 2. Chemical Structures of compound isolated from callus culture of A. hispidissima
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Figure 3. Antioxidant activities of isolated compound from A. hispidissima
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Table 1. MIC of sub-fraction, reference compounds and isolated compounds from A.
hispidissima against selected microorganisms.

Active sub-fraction/ MIC (ug / mL)

standard compounds/
isolated compounds ¢ Sp An

n-hexane fraction >165 175 180 250 100 190 >260 220 170 200 215

Standard compou

Ciprofloxacin 4.90 8.70 3.65 5.55 7.70 5.65 - - - - -
Tobramycin 5.90 6.60 4.45 6.50 4.55 6.45 - - - - -
Amphotericin B - - - - - - 4.50 6.75 7.40 9.85 8.65
Propionyl alkannin 10 20 12 17 22 90 33 18 22 50 >16
B-hydroxyisovaleryl |, | 45 | 43 | 45 21 95 17 20 14 39 | 15
alkannin
Teracryl alkannin 20 12 26 13 23 38 32 52 41 37 29
Shikonin 14 25 33 >24 20 10 60 11 19 55 33
Deoxyshikonin 42 23 51 >23 16 95 65 37 36 17 40
Acetyl shikonin 21 | 26 | 45 12 22 85 55 32 34 11 | 19

Used microorganisms: Ec = Escherichia coli; Ecl = Enterobacter cloacae; Kp = Klebsiella pneumoniae; Sa =
Staphylococcus aureus; Bs = Bacillus subtilis; Sp = Streptococcus pneumoniae; An = Aspergillus niger; Af =
Aspergillus flavus; Rp = Rhizoctonia phaseoli; Pc = Penicillium chrysogenum; Ca = Candida albicans.
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