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Abstract 
 
Protocols for in vitro plant multiplication from somatic tissues and production of artificial seeds through encapsulation 
of nodes were developed for Aristolochia tagala Cham., a rare and valuable medicinal plant, as a measure of 
conservation and as a prerequisite for genetic transformation procedure. A maximum number of adventitious shoots 
were regenerated from leaf-derived callus on Murashige and Skoog (MS) medium containing 6-benzylaminopurine 
(BAP; 2 µM), α-naphthaleneacetic acid (NAA; 0.5 µM), and phloroglucinol (PG; 10µM). Nodes collected from in vitro 
established shoot cultures were encapsulated in 3 % (m/v) sodium alginate and 1 % (m/v) calcium chloride. Multiple 
shoots were successfully regenerated from the encapsulated nodes cultured on MS medium supplemented with 3 µM 
BAP and 0.5 µM  kinetin (KIN). Regenerated shoots from callus and artificial seeds were successfully rooted and 
acclimated to greenhouse conditions. Since roots of A. tagala are primarily used in traditional medicine, a protocol for 
regenerating roots directly from the leaf derived callus was also developed. Maximum root length was obtained when 
the callus was cultured in MS medium supplemented with KIN (1 µM), indole acetic acid (IAA; 0.5 µM), NAA  
(0.1 µM), and PG (10 µM). Biochemical parameters were studied in calli grown with and without PG in the medium to 
establish a correlation between these parameters and shoot morphogenesis. An increment of antioxidant enzymes 
(peroxidase and catalase) and metabolites (sugars and proteins), and a decrease in the amount of polyphenol oxidase 
was observed in the calli which were grown in the presence of PG. 
Additional key words: auxins, cytokinins, encapsulated nodes, indirect regeneration, organogenesis, phloroglucinol, plant 
preservation. 
 
 
Introduction 
 
Aristolochia L. is a large genus of Aristolochiaceae with 
about 120 species distributed throughout tropical and 
subtropical countries. Aristolochia tagala Cham., a 
climbing shrub, is distributed in India, Sri Lanka, China, 
Malaysia, Burma, Java, and Australia, and is a rare 
medicinal plant (Murugan et al. 2006). Roots of  A. tagala 
are extensively used in traditional medicine. Due to 
indiscriminate harvesting, the species has become rare in 
its natural habitat (Ravikumar and Ved 2000).  
 Propagation of A. tagala relies solely on seeds. 
However the viability of the seeds is very low due to the 
presence of scanty endosperm (Biswas et al. 2007). It has 
been shown that shoot organogenesis from callus cultures 

can be used as an effective method for multiplication of 
medicinal plants (Castillo and Jordan 1997). Also, 
efficient tissue culture based propagation and 
regeneration systems are important prerequisites for the 
development of Agrobacterium tumefaciens-mediated 
transformation (Bliss et al. 2009). Additionaly, cell and 
protoplast cultures and long-term culture of dediffe-
rentiated callus offer new sources of genetic variation 
(Novak 1992). 
 In the present study, we have chosen adventitious 
shoot regeneration as a measure for conservation and as a 
prerequisite for developing a genetic transformation of  
A. tagala. Somaclonal variation through cell or callus  
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cultures also could be an important source for genetic 
improvement of A. tagala. We have even made an 
attempt to encapsulate the in vitro derived nodal 
segments of A. tagala for the production of artificial 
seeds as well as determining the in vitro requirements for 
the production of a maximum number of multiple shoots 
from the encapsulated nodes. Since roots of A. tagala are 
primarily used in traditional medicine, we have also 

described a protocol for production of adventitious roots 
directly from the callus of A. tagala. Activity of 
peroxidase, catalase, polyphenol oxidase, and content of 
reducing sugars, nonreducing sugars, and proteins were 
studied in calli grown with and without phloroglucinol in 
the medium to establish a correlation between these 
parameters and shoot morphogenesis. 

 
 
Materials and methods 
 
A. tagala was collected from Kolli hills which is situated 
in the south western edge of the Eastern Ghats, India. The 
plant was identified by Dr. R. Gopalan (Botanical Survey 
of India, Southern Circle, Coimbatore, India) and a 
voucher specimen was deposited in the herbarium of the 
Botanical Survey of India. To avoid causalities, some of 
the plants were maintained in greenhouse at the 
Department of Botany, Bharathiar University, 
Coimbatore, India.  
 The explants, namely nodes (1 - 1.5 cm long), shoot 
tips (3 - 5 mm), internodes (1 - 1.5 cm long), leaves 
(sectioned to about 1 cm2 pieces), and root segments  
(1 - 1.5 cm long) were harvested from actively growing 
plants and washed thoroughly in running tap water for  
20 - 30 min followed by treatment with 5 % (v/v) Teepol 
for 5 - 10 min. The treated explants were washed with 
distilled water for 5 min, disinfected with 0.1  % (m/v) 
mercuric chloride for 3 - 5 min and rinsed 3 - 4 times 
with sterile distilled water under aseptic conditions inside 
the laminar hood.  
 The explants were cultured on full strength Murashige 
and Skoog (1962; MS) regeneration medium supple-
mented with 3 % (m/v) sucrose. The pH of the medium 
was adjusted to 5.8 before adding 0.8 % (m/v) agar  
(Hi Media, Mumbai, India). The medium (15 cm3) was 
poured into culture tubes (Borosil, Mumbai, India) and 
autoclaved at 121 °C and 1.06 kg cm-2 pressure for  
20 min. Two explants were inoculated per tube. The 
cultures were incubated at temperature of 25 ± 2 °C,  
16-h photoperiod, and irradiance of 50 - 60 µmol m-2 s-1 
provided by cool white fluorescent tubes (Philips, India). 
MS medium enriched with 2,4-dichloro-phenoxyacetic 
acid (2,4-D), α-naphthaleneacetic acid (NAA), 6-benzyl-
aminopurine (BAP), and/or kinetin (KIN) at concen-
trations ranging from 0.5 to 3.0 µM was used for callus 
induction and indirect regeneration of shoots. Phloro-
glucinol (PG; 10 µM) was added in the medium to 
prevent tissue browning. The calli were subcultured 
regularly at an interval of four weeks.  
 Morphogenic calli from leaf explants which were 
fixed in formalin + acetic acid for 24 h were washed and 
stored in 70 % ethanol. The materials were then 
dehydrated in tertiary butanol (70, 80, 90, and 100 %) and 
were embedded in paraffin wax as in the procedure 
described by Johansen (1940). Thin sections (10 µm 
diameter) were cut with the help of a rotary microtome 

(Sipcon, India). These sections were affixed on glass 
slides using Haupt's adhesive solution. The slides were 
de-waxed using xylene and were stained using 
haematoxylin. The stained sections were covered with 
cover glass and observed under a microscope (Nikon 
UFX-2, Tokyo, Japan). Fifty slides were observed and 
those that showed initiation of shoot buds were 
photographed under a bright field using a camera (Nikon 
FX 35WA).  
 For production of artificial seeds, in vitro proliferated 
shoots (1.5 - 2 cm long) having 4 - 5 leaves were excised 
from the callus. The diameter of the shoots was 
approximately 1 mm. Nodal segments approximately  
3 mm long were dissected aseptically and were washed in 
sterilized double distilled water for 5 - 10 min. Three 
different concentrations [2, 3, and 4 % (m/v)] of sodium 
alginate in distilled water or MS basal medium and 1 % 
(m/v) calcium chloride (CaCl2) were steam-sterilized for 
20 min under 1.2 kg cm-2 pressure at 120 °C after 
adjusting the pH of the solution to 5.8. Nodes were mixed 
with sodium alginate solution (at 25 ± 2 °C) and were 
subsequently dropped individually into calcium chloride 
solution using a wide mouthed glass dropper (inside 
diameter 4 mm). Calcium alginate beads were formed 
within 30 - 45 min on a gyratory shaker at 80 rpm.  
Sodium alginate (3 %) was the most suitable for the 
formation of firm, clear and isodiametric beads. 
Following encapsulation, the beads were recovered by 
decanting CaCl2 solution and were washed thrice with 
sterilized double distilled water. The encapsulated nodal 
segments were kept in Petri dishes sealed with parafilm 
and stored in the laboratory fridge at 4 °C for 20 d before 
being transferred for regeneration. 
 The beads containing a single node were cultured in 
test tubes containing MS medium supplemented with 
various concentrations of BAP (1 to 3 µM) and KIN  
(0.5 to 1.5 µM) for regeneration of microshoots. The 
cultures were incubated at above mentioned conditions. 
The number of shoots produced per encapsulated node 
and the time taken for sprouting of the beads were 
recorded.  
 Regenerated shoots from callus and encapsulated 
nodes were transferred to rooting medium which 
consisted of  MS medium supplemented with different 
concentrations of NAA (0.2 to 1 µM), IAA (0.2 to  
0.5 µM), and KIN (0.2 to 2 µM). The cultures were kept 
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in the dark at 25 ± 2 °C. 
  Well-developed, healthy plantlets with approximately  
6 cm long shoots (containing 6 - 10 leaves ranging from 
0.5 - 1 cm) and approximately 13 cm long tap roots were 
removed from the culture flasks and washed thoroughly 
in running tap water to remove the adhering nutrient 
medium. The plantlets were then soaked in 1 % (m/v) 
1H-benzimidazol-2-yl-carbamate (Bavistin) for 10 to  
15 min and transferred to small plastic pots filled with 
various types of sterilized potting media as detailed in 
Table 6. Five plantlets were tested for every potting 
mixture and the growth rates of the plantlets were 
calculated after 30 d of hardening. During the hardening 
process, the plantlets were initially maintained under 
laboratory conditions at 25 ± 2 °C for 10 d. During this 
period, they were sprayed with liquid MS medium 
(quarter strength and without sucrose) daily and covered 
tightly with polyethylene bags. After 10 d, they were 
gradually exposed to the natural environmental conditions. 
 Leaf derived callus of A. tagala was subcultured on 
MS medium containing KIN (0.5 to 1 µM ), IAA (0.5 to 
1 µM), NAA (0.1 to 0.5 µM), and phloroglucinol  
(10 µM) to standardize a protocol for direct root 
organogenesis from callus cultures. 
 Biochemical parameters were measured in 4-week-old 
calli grown with and without PG in the medium. For pre-
paration of enzyme extract, calli (450 mg) were 
homogenized with 9 cm3 of cold 5 % (m/v) KCl. The 
homogenate was centrifuged at 0 ± 2 °C and 800 g for  
10 min. The clear supernatant was used directly for the 
assay of enzyme activities and estimation of protein and 
sugars. 
 The activity of peroxidase was assayed according to  
 

the method of Malik and Singh (1980). The assay mixture 
containing 2.5 cm3 of phosphate buffer (pH 6.5, 0.1 M), 
0.2 cm3 of suitably diluted enzyme extract, and 0.1 cm3 of 
o-dianisidine (1 mg cm-3 of methanol) was incubated at  
28 ºC in water bath for 2 min. The reaction was started by 
adding 0.2 cm3 of H2O2. The change in absorbance was 
recorded at 430 nm at 30 s interval for 5 min.  
 The polyphenol oxidase activity was measured as in 
the method of Sarvesh and Reddy (1988). The assay 
mixture (3 cm3) contained 2.0 cm3 of 2 M carbonate-
bicarbonate buffer (pH 10), 0.15 M o-catechol, and  
0.2 cm3 of suitably diluted enzyme extract. The assay 
mixture was incubated at 25 ºC for 2 min. The reaction 
was stopped by adding 0.5 cm3 of 5 % (v/v) H2SO4. The 
change in absorbance was recorded at 420 nm for 2 min.  
 Catalase activity was measured as described by Beers 
and Sizer (1952). The enzyme was diluted in 0.05 M 
phosphate buffer (pH 7.0). To 0.1 cm3 of diluted enzyme 
0.1 cm3 of H2O2 was added and incubated for 4 min. 
Decrease in absorbance was measured spectrophoto-
metrically at 240 nm for 2 - 3 min.  
 Measurement of the total protein content was done 
using the Bradford’s (1976) method. Quantitative 
estimation of reducing sugars was done by the Nelson 
(1944) method and total sugars were quantified by the 
Dubois (1956) method. Non-reducing sugars were 
calculated by subtracting the amount of reducing sugars 
from content of total sugars. 
 All the experiments were conducted with a minimum 
of 10 replicates per treatment. The experiments were 
repeated three times. The significance of differences 
among means was carried out using Duncan’s multiple 
range test (DMRT) at P = 0.05. 

 
Results 
 
In A. tagala, profuse callusing was observed only from 
the leaf explants. So, the callus derived from the leaf 
explants was used for further studies. Within a week of 
culture, the explants swelled and callus was initiated at 
the cut ends which later spread all over the surface. Best 
callusing (maximum dry mass of callus within minimum 
duration) was obtained when MS medium was fortified 
with 1 µM BAP, 0.5 µM NAA and 2 µM KIN (Table 1). 
Calli obtained from all the combinations of growth 
hormones tried were creamy and friable. 
 The leaf derived callus of A. tagala turned brown and 
did not become organogenic in the medium used for callus 
induction presumably due to accumulation of phenolics. 
When PG (10 µM) was added to MS medium 
supplemented with growth hormones, it evoked shoot bud 
regeneration from the callus (Fig. 1A). It was observed that 
a combination of 2 µM BAP, 1 µM NAA, and 10 µM PG 
induced the maximum number of shoots. Higher concen-
trations of BAP (3 µM) reduced the number of shoot buds. 
Addition of KIN instead of BAP also reduced the number 
of shoots per callus (Table 2). Histology showed 
asynchronous development of shoot buds (Fig. 1B). 

 A gelling matrix of 3.0 % sodium alginate and 1.0 % 
CaCl2 was found most suitable for the bead formation 
(Fig. 1C) and subsequent conversion of encapsulated 
nodal segments into plantlets. Lower concentrations of 
sodium alginate (2 %) resulted in beads without a defined 
shape that were too soft to handle, whereas at higher 
concentrations of sodium alginate, the beads were hard 
enough to cause considerably delayed shoot emergence. 
Encapsulated nodes of A. tagala when cultured on MS 
basal hormone free medium produced only a single shoot. 
In the presence of BAP and KIN, multiple shoots were 
initiated from the beads (Fig. 1D). It was observed that 
the use of distilled water for preparing the gel matrix 
reduced shoot emergence as compared to liquid MS 
medium. The maximum number of multiple shoots was 
regenerated from the encapsulated nodes cultured on MS 
medium supplemented with 3 µM BAP and 0.5 µM KIN 
(Table 3).  
 The optimal medium for rooting of microshoots, 
contained 0.2 µM IAA, 0.2 µM KIN, and 1.0 µM NAA 
on which the regenerated shoots developed roots 
measuring 13.4 cm (Table 4, Fig. 1E).  The compact leaf 
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derived callus when cultured in a medium containing 
varying concentrations of KIN, IAA, NAA, and PG 
showed the appearance of white spots on the surface that 
gradually became white nodular structures which 
developed into adventitious roots. A maximum root 
length of 3.96 cm was obtained in MS medium 
supplemented with 1 µM KIN, 0.5 µM IAA, 0.1 µM 
NAA, and 10 µM PG (Table 5). 

 Plantlets with six to ten fully expanded leaves and 
well-developed roots obtained from the rooted 
microshoots were successfully acclimatized in plastic 
pots containing various potting mixtures. The maximum 
percentage survival was 80 % (Table 6). They were 
successfully transplanted into field where they grew 
normally without any morphological variations (Fig. 1G).  

Table 1. Effect of growth regulators on the percentage of shoot induction from the leaf derived callus of A. tagala, number of days 
necessary for shoot induction, and shoot fresh and dry mass determined after 30 d. Values are mean ± SE, n = 10. In a column, means 
followed by a common letter are not significantly different at the 5 % level determined by DMRT. 
 

2,4-D [µM] BAP [µM] NAA [µM] KIN [µM] Callus induction [%] Callus induction [d] Fresh mass [g] Dry mass [g] 

1 - - - 50.04 ± 0.12c 21.20 ± 0.23g 0.87 ± 0.30a 0.08 ± 0.13c 
2 - - - 64.46 ± 026d 19.60 ± 0.31f 0.91 ± 0.24b 0.08 ± 0.11d 
3 - - - 40.22 ± 0.24b 23.20 ± 0.42i 0.88 ± 0.16a 0.08 ± 0.23bc 
0.5 0.5 - - 75.18 ± 0.38a 22.60 ± 0.26li 1.33 ± 0.33f 0.12 ± 0.35g 
1 0.5 - - 85.20 ± 0.16g 19.80 ± 0.43f 1.13 ± 0.38e 0.13 ± 0.27h 
2 0.5 - - 80.02 ± 0.22f 21.20 ± 0.47g 1.04 ± 0.23d 0.11 ± 0.26f 
0.5 - - - 90.50 ± 0.28l 19.80 ± 0.29f 2.16 ± 0.17j 0.16 ± 0.32k 
1 - - - 96.42 ± 0.23ij 18.80 ± 0.35ef 2.16 ± 0.26j 0.16 ± 0.24l 
2 - - - 85.48 ± 0.24g 19.40 ± 0.41f 2.34 ± 0.12k 0.17 ± 0.10m 
0.5 2 - - 98.60 ± 0.15kl 13.20 ± 0.22a 1.54 ± 0.11h 0.15 ± 0.31i 
1 2 - - 97.78 ± 0.18jk 18.20 ± 0.48d 1.67 ± 0.35I 
2 2  - - 95.84 ± 0.27I 21.60 ± 0.36gh 1.46 ± 0.32g 
- 1 - - 98.00 ± 0.32kl 17.40 ± 0.27d 0.87 ± 0.29a 

0.15 ± 0.36j 
0.15 ± 0.15i 
0.08 ± 0.18ab 

- 3 - - 99.20 ± 0.36kl 14.20 ± 0.30ab 0.89 ± 0.13b 0.09 ± 0.22d 
- 1 - 1 84.82 ± 0.11g 23.20 ± 0.43i 2.54 ± 0.17l 0.18 ± 0.27n 
- 2 - 1 99.22 ± 0.34kl 18.20 ± 0.40de 2.57 ± 0.25m 
- 3 - 1 99.36 ± 0.17lm 17.40 ± 0.34d 2.69 ± 0.201n 

0.18 ± 0.16n 
0.18 ± 0.34n 

- 1 - 2 98.60 ± 0.14kl 14.20 ± 0.40ab 3.05 ± 0. 14o 0.20 ± 0.35o 
 - 2 - 2 99.74 ± 0.32m 15.40 ± 0.35c 3.08 ± 0.13p 0.21 ± 0.28p 
- 3 - 2 99.16 ± 0.29kl 14.80 ± 0.40bc 3.13 ± 0.24q 0.25 ± 0.11q 
- 1 0.5 2 98.00 ± 0.25kl 13.60 ± 0.33ab 3.54 ± 0.15s 0.28 ± 0.15s 
- 2 0.5 2 95.78 ± 0.13I 19.60 ± 0.32f 3.31 ± 0.23r 0.27 ± 0.12r 
- 3 0.5 2 98.60 ± 0.16kl 21.00 ± 0.45g 3.30 ± 0.10r 0.26 ± 0.37r 

 
Table 2. Effect of auxins and cytokinins on the time necessary for shoot induction in callus derived from the leaf explants of  
A. tagala and  number of shoots and their length measured after 30 d . Values are mean ± SE, n = 10. In a column, means followed 
by a common letter are not significantly different at the 5 % level determined by DMRT. 
 

BAP [µM] NAA [µM] KIN [µM] PG [µM] Shoot induction [d] Number of shoots [callus-1]  Shoot length [cm]

0.50 0.50 - 10.00 31.31 ± 0.29a 1.60 ± 0.73ab 1.46 ± 0.15a 
1.00 0.50 - 10.00 30.40 ± 0.51ab 2.00 ± 0.82bc 2.02 ± 0.12bc 
1.50 0.50 - 10.00 32.66 ± 0.46b 2.60 ± 0.86c 2.40 ± 0.14c 
2.00 0.50 - 10.00 28.42 ± 0.44d 9.00 ± 0.76f 3.36 ± 0.10e 
0.50 1.00 - 10.00 26.81 ± 0.36 bc 1.80 ± 0.91ab 1.28 ± 0.18a 
1.50 1.00 - 10.00 25.20 ± 0.42d 6.80 ± 0.88e 2.50 ± 0.12c 
2.00 1.00 - 10.00 20.40 ± 0.26d 9.20 ± 0.71e 3.04 ± 0.11d 
3.00 1.00 - 10.00 22.39 ± 0.31c 8.78 ± 0.95d 3.08 ± 0.16d 
- 0.50   0.50 10.00 31.84 ± 0.35d 0.79 ± 0.82ab 1.26 ± 0.14a 
- 1.00 0.50 10.00 30.26 ± 0.37ab 0.96 ± 0.89ab 1.39 ± 0.17a 
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Table 3. Effect of different encapsulation matrices on number of shoots, shoot length measured after 30 d, and time necessary for 
germination of A. tagala synthetic seeds on MS medium with different concentrations of cytokinins. Values are mean ± SE, n = 10. 
In a column, means followed by a common letter are not significantly different at the 5 % level determined by DMRT. 
 

Cytokinins [µM] Sodium alginate in distilled water   Sodium alginate in MS medium   
 number of shoots shoot length [cm] time [d] number of shoots shoot length [cm] time [d] 

- 1.23 ± 0.37a 1.14 ± 0.10a 30.31 ± 0.21a 1.20 ± 0.31a 1.38 ± 0.23 a 25.84 ± 0.32a 
BA (1.0) + KIN (1.0) 3.86 ± 0.46b 1.64 ± 0.13b 28.20 ± 0.24b 5.00 ± 0.47b 1.84 ± 0.18a 25.29 ± 0.28b 
BA (1.0) + KIN (1.5) 5.00 ± 0.33b 1.74 ± 0.25b 28.30 ± 0.33c 6.42 ± 0.39bc 1.80 ± 0.13 a 20.40 ± 0.26a 
BA (2.0) + KIN (0.5) 6.60 ± 0.59c 2.24 ± 0.12c 25.64 ± 0.35b 7.68 ± 0.51c 2.32 ± 0.25b 20.63 ± 0.35bc 
BA (2.0) + KIN (1.0) 7.23 ± 0.54cd 2.26 ± 0.24c 25.48 ± 0.28c 8.20 ± 0.43cd 2.60 ± 0.13b 18.00 ± 0.39a 
BA (3.0) + KIN (0.5) 8.68 ± 0.45d 2.46 ± 0.16c 25.26 ± 0.37b 9.82 ± 0.32d 3.14 ± 0.18 c 18.00 ± 0.20c 

 
 

 
Fig. 1. A - Regenerating shoots from the leaf derived callus of A. tagala; B - histology of the morphogenic callus showing 
differentiation of shoot buds; C - artificial seeds; D - germination of an artificial seed; E - rooted shoot; F - adventitious roots from 
the callus; G - rooted regenerant. Bar = 1 cm. 
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 It was observed that the calli grown in the presence of 
PG had higher amounts of antioxidant enzymes like  
 
Table 4. Effect of growth regulators in MS medium on the 
length of roos induced from the shoots of A. tagala measured 
after 30 d. Values are mean ± SE n = 10. In a column, means 
followed by a common letter are not significantly different at 
the 5 % level determined by DMRT. 
 

KIN [µM] IAA [µM] NAA [µM] Root length [cm]  

0.50 0.50 1.00   9.36 ± 0.14bc 
1.00 0.50 0.10   7.96 ± 0.11 c 
1.50 0.50 -    4.94 ± 0.18ab 
2.00 -  -    2.38 ± 0.18 a 
0.20 0.20 1.00 13.46 ± 0.19b 
0.50 0.50 0.50 11.12 ± 0.16bc 
0.50 0.50 0.20 10.38 ± 0.15bc 

 

peroxidase and catalase and lesser amount of polyphenol 
oxidase when compared to non regenerating calli. The 
amount of metabolites like proteins and sugars were also 
higher in the regenerating calli (Table 7). 
 
 
Table 5. Effect of growth regulators on the formation of 
adventitious roots from the leaf derived callus of A.tagala. Root 
length was measured after 30 d.Values are mean ± SE, n = 30. 
In a column, means followed by a common letter are not 
significantly different at the 5 % level determined by DMRT. 
 

KIN [µM] IAA [µM] NAA [µM] PG[µM] Root length[cm] 

0.5 0.5 0.1 10 3.96 ± 0.23ac 
0.5 0.5 0.5 10 3.54 ± 0.25c 
0.5 1.0 0.1 10 2.36 ± 0.18ab 
1.0 0.5 0.1 10 2.58 ± 0.21a 

 

Table 6. Effect of various potting mixtures on the hardening of in vitro regenerated plantlets of A. tagala lasting for 30 d. Values are 
mean ± SE, n = 10. In a column, means followed by a common letter are not significantly different at the 5 % level determined by 
DMRT. 
 

Shoot length [cm] Root length [cm] Potting mixture 
initial final initial final 

Survival [%] 

Coir pith alone 6.36 ± 0.45ab 6.96 ± 0.36 a 13.16 ± 0.47a 13.66 ± 0.34a 60.00 
Coir pith:Vermiculite (1:1) 6.16 ± 0.39 a 7.52 ± 0.32a 13.12 ± 0.43a 14.34 ± 0.41 a 70.00 
Coir pith:Vermiculite:Soil (1:1:1) 6.42 ± 0.37 ab 9.68 ± 0.48c 13.44 ± 0.31a 15.28 ± 0.46 c 80.00 
Vermiculite:sand:Sphagnum moss (1:1:1) 6.26 ± 0.42 ab 7.28 ± 0.37 a 13.62 ± 0.46a 14.26 ± 0.42 a 55.00 
Vermiculite: charcoal:sand (1:1:1) 6.53 ± 0.44 ab 8.42 ± 0.35b 13.50 ± 0.35a 16.00 ± 0.42 b 70.00 
Charcoal:sand (1:1) 6.80 ± 0.48 b 8.40 ± 0.31 b 13.60 ± 0.42 a 15.28 ± 0.47 b 70.00 

 
Table 7. Biochemical parameters of the regenerating and non regenerating calli of A. tagala. Values are mean ± SE. In a column, 
means followed by a common letter are not significantly different at the 5 % level determined by DMRT. 
 

Parameter Regenerating calli Non-regenerating calli 

Peroxidase [(ΔA mg-1(protein) min-1]    9.16 ± 1.20a  4.50 ± 1.61ab 
Polyphenol oxidase [µmol(quinine) mg-1(protein) min-1]    3.35 ± 2.26a 37.42 ± 1.83b 
Catalase [µmol mg-1(protein) min-1) 100.73 ± 1.18ab 87.00 ± 2.64b 
Total proteins [µg mg-1(d.m.)]    6.17 ± 2.19b   4.25 ± 2.46bc 

Reducing sugars [µmol mg-1(d.m.)]   10.00  ± 1.32a   8.53 ± 1.76ac 
Non-reducing sugars [µmol mg-1(d.m.)]     6.27 ± 2.30b   4.00 ± 2.70ab 
Total sugars [µmol mg-1(d.m.)]   16.47 ± 1.64ac 11.30 ± 1.25a 

 
 
Discussion 
 
In other species of Aristolochiaceae, in vitro 
differentiation of shoots and plantlets have been reported 
from a variety of explants such as leaves, shoot tips 
(Manjula et al. 1997, Soniya and Sujitha 2006), stems 
(Remeshree et al. 1997, Bliss et al. 2009) nodal segments 
(Manjula et al. 1997, Remeshree et al. 1994, Soniya and 
Sujitha 2006), and petiole sections (Bliss et al. 2009). 

Our preliminary experiments with explants from different 
types of tissues did not produce good amount of callus. 
The results of the study described here clearly 
demonstrate that callusing with highest success was 
obtained using the leaf explants of A. tagala. 
 Traditional approaches to plant regeneration from 
calli by manipulating the relative ratio of auxin to 
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cytokinin have been successfully used in the current 
investigation. A similar auxin-cytokinin effect was 
previously observed in the callus cultures of A. indica 
(Manjula et al. 1997, Soniya and Sujitha 2006) and  
A. bracteolata (Remeshree et al. 1994) . Su et al. (2011) 
have demonstrated that a proper ratio between auxin and 
cytokinin maintained the cell proliferation or stimulated 
cell differentiation to form new organs, such as shoots or 
roots. In our experiments, NAA was found to be more 
effective than 2,4-D in inducing  the callus (Table 1). 
These results are in consonance with those reported in   
Dorema ammoniacum (Irwani et al. 2010).  
 With A. tagala, the most critical step was organo-
genesis. A combination of the phytohormones alone 
caused browning of the callus and was ineffective in 
inducing shoot buds. Also, leaching of polyphenols into 
the culture media was a major problem which influenced 
further development. This phenomenon could be 
substantially delayed or reduced by the use of 
phloroglucinol, thus oxidizing the phenolic substances 
exuded from the segment (Kim et al. 2007). Several 
authors have reported that the addition of PG to in vitro 
culture medium stimulates shoot development (Sarkar 
and Naik 2000, Sankar et al. 2008, Steephen et al. 2010). 
When this compound was used in the propagation phase 
of A.tagala, it evoked shoot bud regeneration from the 
callus and reduced leaching. These results obtained with 
PG are in agreement with those observed in A. indica by 
Manjula et al. (1997). PG apparently plays an auxin 
protector role and promotes xylem and chloroplast 
development (Németh 1986).  
 The artificial seed has opened up a new vista for 
future plant production programs and can be applied for 
germplasm conservation, storage, or a means to reduce 
the need for transplanting and subculturing during off-
season periods (Ahmad and Anis 2010). In the present 
study, 3 % alginate was found to be the best for formation 
of ideal, good quality beads. Both sodium alginate and 
CaCl2 play an important role in capsule quality (Singh  
et al. 2010). Similar reports of a maximum frequency of 
plantlet regeneration with 3 % alginate were given by 
Gozukirmizi (2003) in Paulownia elongate, Mohanraj  
et al. (2009) in Coelogyne breviscapa, and Ali et al. 
(2012) in Stevia rebaudiana. It was observed that the use 
of liquid MS medium for preparing the gel matrix was 
beneficial in increasing the shoot emergence. The reason 
for these results may be attributed to the presence of 
nutrients in the gel matrix which apparently served as a 
nutrient bed around the propagules, facilitated growth and 
survival, and allowed them to germinate (Redenbaugh et 
al. 1987, Ara et al. 1999). Matrix of synthetic seed 
mimics endosperm of natural seed. Artificial endosperm 
should contain nutrients to maintain survival of gerplasm 
(Antonietta et al. 1999). Addition of growth regulators in 
the germination medium enhanced the production of 
multiple shoots from encapsulated nodes of A. tagala. 
Similar results have been reported in banana (Ganapathi 
et al. 1992), pineapple (Soneji et al. 2002), and  
C. breviscapa (Mohanraj et al. 2009). An important 

feature of the encapsulated vegetative propagules is their 
capacity to retain viability after storage for a sufficient 
period required for exchange of germplasm between 
laboratories and extension centers (Rai et al. 2008). 
 The optimal medium for the rooting of microshoots 
contained 0.2 µM IAA, 0.2 µM KIN, and 1.0 µM NAA. 
Existing reports suggest that cytokinins at lower 
concentrations along with auxins have a critical role in 
rooting in several plants like Catharanthus roseus (Ataei-
Azimi et al. 2008), Anthocephalus cadamba (Apurva and 
Thakur 2009), and Erythrina variegata (Shasthree et al. 
2009). Cytokinin influences cell-to-cell auxin transport 
important for regulation of activity and size of the root 
meristem by modification of expression of several auxin 
transporters (Růžička et al. 2009). In the root meristem, 
auxin induces the cell division whereas cytokinin 
promotes the cell to switch from the meristematic to 
differentiated state (Su et al. 2011).  
 Roots were induced from the leaf derived callus on 
MS medium fortified with KIN, IAA, NAA, and PG. The 
positive role of PG in root formation from callus has also 
been reported by Te-chato and Lim (1999) in 
mangosteen. Macháčková et al. (2008) states that rooting 
may be stimulated by PG when added to rooting media 
together with auxins. The above findings are in 
consonance with the results obtained in the present study. 
It was noted that, when BAP was used instead of KIN, 
the calli did not produce adventitious roots. Therefore, it 
is suggested that KIN stimulated root formation from the 
callus of A. tagala. Such an effect of KIN was also 
observed by Abdelmajid and Annie (2001) in opium 
poppy. Since roots are the major component harvested 
from A. tagala, the standardization of a protocol for 
adventitious root formation from the callus provides 
avenues for the large scale production of roots in vitro. 
 Acclimatization is the final step in a successful 
micropropagation. During this stage plants have to adapt 
to the new environment of a greenhouse or field. The 
plantlets usually need several weeks of acclimation in 
shade with the gradual lowering of air humidity 
(Pospíšilová et al. 1998). Fully developed A. tagala 
plantlets with proper shoots and roots were removed from 
culture medium, transferred to plastic pots containing 
sterile potting mixture, and acclimatized by adopting the 
standard procedure. Considering the importance of this 
step of micropropagation, various combinations of 
potting mixtures were tried and the maximum survival 
rate (80 %) was obtained in the potting medium 
containing coir pith along with Vermiculite and soil. The 
acclimatized plants were transferred to field where they 
grew well. In contrast to the present findings, Saez et al. 
(2012) reported that in Castanea sativa, the in vitro 
grown plants exhibited very low survival rates because of 
reduced photosynthetic activity.  
 Analysis of biochemical parameters in the present 
study revealed an increment of antioxidant enzymes 
(peroxidase and catalase) and metabolites (sugars and 
proteins) in the calli grown in the the presence of PG. 
Reactive oxygen species (ROS) and their scavenging 
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enzymes participate in regulation of plant growth and 
development (Mitrović and Bogdanović 2008) as well as 
in differentiation and growth of plant cells during 
morphogenesis in vitro. The beneficial effects of 
peroxidase, catalase (Tang and Newton 2005, Rajeshwari 
and Paliwal 2008, Jana and Shekhawat 2011), and 
enhanced protein content (Rajeshwari and Paliwal 2008) 
in shoot induction has already been established. We 
found that there was no browning or tissue damage in the 
calli grown in the presence of PG. This may be due to 
low H2O2 accumulation due to increased activity of 
catalase and peroxidase.  
 An increase in protein and sugar content is consistent 
with the results of Patil et al. (2010) in sugarcane and 
Mitrovic et al. (2012) in Tacitus bellus. As the cells 
undergo organogenesis, nitrogen is assimilated and used 
for protein synthesis. Sugars, important constituents of 
the growing cells, accumulate in the initial regenerating 
phase and they are rapidly utilized in the organogenesis 
(Patil et al. 2010). Accumulation of polyphenols in brown 
recalcitrant calli was observed in the current study and 

this is in agreement with the results obtained by Tang and 
Newton (2004) in pine. A decrease in the amount of 
polyphenol oxidase in the regenerating calli of A. tagala 
suggests that PG plays an important role in reducing the 
polyphenol oxidase content and thereby prevents tissue 
browning. Also PG could have activated the basal 
metabolism of cells and consequently reduced secondary 
metabolism such as polyphenol production. This may be 
another reason for the reduction of tissue browning by the 
addition of PG. 
 In conclusion, the micropropagation method reported 
here was characterized by a rapid proliferation of shoots. 
This is highly advantageous for the conservation of this 
species, production of secondary metabolites, and 
possible genetic modification. This is the first protocol 
for indirect regeneration and synthetic seed production of 
A. tagala. Successful plant retrieval from encapsulated 
nodal segments indicates that this method could be 
potentially used to preserve elite genotypes of A. tagala 
and facilitate their transport to laboratories and extension 
centers of distant places. 
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