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INTRODUCTION

Coccinia cordifolia (L.) Cogn. (Synonym: Coccinia indica, 
Coccinia grandis), a wildly grown medicinal plant, locally 
known as ‘Telakucha’ in Bangladesh, belonging to the family 
Cucurbitaceae of Magnoliopsida class. The plant is a dioecious 
climbing perennial herbs with thick, tuberous rootstock, a soft 
stem that consisted alternatively arranged distinctly shaped 
(heart or pentagon) fleshy leaves, funnel-shaped pure white 
coloured flower with five sepals and five petals flower and 
fruits contain rectangular-shaped seeds, are ovoid to ellipsoid or 
cylindrical and 2.5-6.0 cm in length and 1.5-3.5 cm in diameter 
in size (Yadav et al., 2010; Hussain et al., 2011; Pekamwar et al., 

2013). The plant is indigenous to the Indian sub-continent and 
can also be found in East and Southeast Asia, tropical Africa, 
Australia, Fiji. The plant grows abundantly on the roadside, 
fallow places, adjoining open areas except for house yards in 
Bangladesh (Roy & Khan, 2020).

Traditionally, Coccinia cordifolia (L.) Cogn. has been using 
not only for culinary purposes as a pickle, in salads marinade, 
on crudité platters, and in salsa, or Indian curries but also as 
a curative agent. It has been applied in traditional medicine 
since ancient times all around the world. In Bangladesh, local 
people use roots to treat osteoarthritis and joint pain, and 
leaves paste to treat scabies by applying to the skin (Zakaria 
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ABSTRACT
The present work was undertaken to develop a reproducible protocol for the micropropagation of an important medicinal 
plant of the Cucurbitaceae family, Coccinia cordifolia (L.) Cogn., by using shoot tips and nodal segments to overcome the 
impediment in seed settings and seed germination of conventional reproduction. To develop an efficient protocol, 0.1% 
HgCl2 treatment for 6 minutes was found effective for surface sterilization of field-grown explants to eliminate microbes and 
fungus and to get healthy tissues. Throughout the study, different concentrations of auxin, cytokine, and gibberellin were 
used either alone or in combination as supplemented in MS medium to find suitable conditions and suitable explant (nodal 
segment). BAP was the best cytokine source as 2.0 mg/L BAP produced significantly (P<0.05) highest 4.0±0.20 and 4.8±0.09 
shoots per culture and gained 5.8±0.11 cm and 6.7±0.32 cm length with regeneration rate of 90 and 100 percent in shoot 
tips and node, respectively. The highest percentage (90%) of regeneration for axillary shoot proliferation was also obtained 
in node explants at MS medium containing 2.0 mg/L BAP + 0.1 mg/L NAA. The highest number of shoots regenerated 
per culture was 3.0±0.41, with a length of 6.0±0.16 cm. GA3 was also found effective in producing longer shoots with the 
combination of BAP, but the average shoot number and response rate was reduced drastically. Although full-strength MS 
medium was found to be ideal for shoot regeneration and used in shoots proliferated experiments, half and full-strength of 
MS medium with auxins supplements of 0.5, 1.0, and 2.0 mg/L either of IBA, NAA, and IAA) were used for roots growth 
and half strength nutrients supplemented with 0.5 mg/L IBA was found most compelling. The number of roots regenerated 
per shoot was 3.1±0.30, and the average root length was 1.8±0.30 cm which are significantly (P<0.05) highest in 0.5 mg/L 
IBA. Rooted plantlets were finally transplanted into small plastic pots containing sun sterilized sand, soil and humus (1: 2: 
1) to adapt the plantlet in ex vitro environment, and acclimatized plantlets showed 95% survival rate in outdoor condition 
which proved the effectiveness of using biotechnology to improve plant’s growth rate and mass production.
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et al., 2011). Moreover, the plant has been used widely in 
ayurvedic diabetes mellitus 2 (Patel & Ishnava, 2015). This 
ethnobotanical knowledge was further investigated in alloxan 
diabetic albino rats, streptozotocin included diabetic rats, 
and clinically trailed with extracted aerial parts within type 2 
diabetes patients and found effective as antidiabetic (Shakya, 
2008; Kuriyan et al., 2008). Jamwal and Kumar (2018) isolated 
Quercetin from the aerial parts and concluded it as an active 
component for the antidiabetic activity C. cordifolia. Plant 
parts: roots, leaves, fruits, stems have shown strong scavenging 
potentiality of free radical because of the presence of a high 
concentration of glycoside, flavonoid, phenol (Pekamwar 
et  al., 2013; Nachimuthu et al., 2018). Moreover, aerial parts 
contain heptacosane, cephalandrol, β -sitosterol, alkaloids, 
cephalandrins a and b; β- amyrin acetate, lupeol, cucurbitacin 
b, taraxerone, taraxerol, β-carotene, lycopene, cryptoxanthin, 
xyloglucan, carotenoids, β-sitosterol, stigma-7-en-3-one present 
in fruits and roots contain resin, alkaloids, starch, fatty acids, 
carbonic acid, triterpenoid, saponin, coccinoside, flavonoid, 
glycoside, lupeol, β-amyrin, β-sitosterol, taraxerol (Pekamwar 
et al., 2013). All these phytochemicals are responsible for the 
pharmaceutical importance of the plants as plant extract act 
against worms by paralyzing the worms (Tamilselvan et al., 2011), 
also effective in reducing fever by influencing the prostaglandin 
biosynthesis (Agarwal et al., 2011). Leaves extract with solvents 
like aqueous, chloroform, acetone, ethanol, methanol, and 
hexane showed significant antibacterial and antifungal activity 
against Shigella flexneri NICED, Bacillus subtilis Escherichia 
coli, Salmonella choleraesuis, Shigella dysenteries, and Shigella 
flexneri, Staphylococcus aurous, Sarcina lutea, Pseudomonas 
aeruginosa, Aspergillus niger, Candida albicans (Bhattacharya 
et al., 2010; Sivaraj et al., 2011). Anticancer activity of leaves 
extract was also reported (Bhattacharya et al., 2011); leaves 
extract also act against parasite Plasmodium falciparum thus 
showed excellent antiplasmodial activity (Ravikumar et al., 
2012); in reducing ulcer index, free acidity and gastric (Girish 
et al., 2011). The fruit possesses mast cell stabilizing, anti-
anaphylactic, and antihistaminic potential (Taur & Patil, 2011). 
Stem showed activity as an anti-inflammatory (Deshpande, 
2011), antispasmodic, and have potency against asthma, 
bronchitis, urinary tract infection, skin diseases, and root has 
the potentiality against hypoglycemia, diabetes, skin diseases, 
joint pain, urinary tract infection (Pekamwar et al., 2013).

Hence, the global market has an increasing demand for medicinal 
nutritional supplements such as “sugar and fat balance” made from 
the plant for the natural relief of diabetes, chronic sinusitis, psoriasis, 
pruritus, wounds, pityriasis, gonorrhea, urinary tract infections and 
respiratory diseases (Kashem & Rahman, 2018). However, C. 
cordifolia is a seed germinating plants and due to presence of a thin 
nuclear membrane which makes seed impervious to water and gas, 
and makes them inactive for many days and lower the germination 
rate thus causing a decline in the number of population (Devendra 
et al., 2008). Therefore, in vitro shoot regeneration technology has 
been adopted to overcome the impediment of seed germination as 
an alternative method of propagation to produce the medicinally 
important plant in large scale with genetic uniformity to utilize 
their active chemical components in the pharmaceutical 
industry (Alam et al., 2010; Sharmin et al., 2013). Shoot apex, 

nodal segment, leaf, internode has been utilized to produce the 
plantlets by direct and indirect organogenesis method in aseptic 
condition for the plants C. cordifolia (Sarker et al., 2009; Sundari 
et al., 2011; Kashem and Rahman, 2018; Borah et al., 2019). To 
determine the reproducibility of the former techniques, the present 
study was undertaken by overcoming the problems associated 
with conventional reproduction through developing a suitable 
reproducible micropropagation protocol from shoot tips and nodes.

MATERIALS AND METHODS

Collection of Plant Samples

Fresh and healthy immature explants including shoot tips and 
nodes of Coccinia cordifolia (L.) Cogn. were collected from the 
University of Rajshahi, Bangladesh. The location is at 24° 22’ 
20.74”N latitude and 88°38’12.65”E longitude with an elevation 
of 23 meters from the sea level.

Culture Medium

Murashige and Skoog medium (MS medium) (Murashige and 
Skoog, 1962) containing 3% (w/v) sucrose (commercial sugar) 
and 0.75% (w/v) agar (for semisolid texture) and different growth 
hormones (BAP, Kin, NAA, IBA, IAA) were used as the basal 
growth medium for culture.

Explants Sterilization

Explants with 3-4 cm in length, thoroughly washed several 
times under running tap water to reduce the dust and the 
contaminants, then put a few drops of savlon and a few drops 
of tween20 (polyoxyethylene sorbitan monolaurate) in a conical 
flask with distilled water and washed 2-3 times with sterile 
distilled water. The materials were then transferred to a sterile 
250 ml conical flask. Surface sterilization was then carried out 
in a running laminar airflow cabinet by adding 0.1% HgCl2 
solution with gentle agitating for 3-10 min followed by sterile 
distilled water was for 3-5 times.

Shoot Induction and Proliferation

Shoot-tip and nodal explants were used for axillary shoot 
proliferation and cultured on different strengths of MS 
medium (Murashige & Skoog, 1962), MS (full strength), 
MMS1 (1/2 strength of major salts but full strength of minor 
salts) and MMS2 (1/2 strength of major salts and minor salts) 
by using growth regulators of 1.0 mg/L BAP, 1.5 mg/L BAP, 
2.0 mg/L BAP, 1.0 mg/L BAP + 0.1 mg/L NAA, 1.5 mg/L BAP+ 
0.1 mg/L NAA and 2.0 mg/L BAP + 0.1 mg/L NAA in each 
nutrient medium.

Then, the best responsive nutrient medium was applied with 
various concentrations of supplemented either of BAP at 
concentrations 1.0, 2.0, 2.5, and 3.0 mg/L or with a combination 
of 0.1, 0.2, and 0.5 mg/L either of NAA, IBA, IAA, and GA3 
for selecting optimum hormonal concentration and better 
explants type.
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In vitro root induction

For root formation, in vitro grown shoots were cut off and 
cultured in both full and half strength MS media supplemented 
with 0.5, 1.0, and 2.0 mg/L of either IBA, NAA, IAA to unearth 
the effects of this auxin on roots growth and development of 
in vitro regenerated shoots.

Culture Incubation

All cultures were maintained in a growth chamber for 16-hours 
photoperiod with 2000-3000 lux light intensity provided by 
warm 40 watts white fluorescent tubular lamp at controlled 
temperature of 25 ± 2°C. However, humidity was not controlled 
for any of the experiments.

Acclimatization

To transplant the in vitro grown plantlets into soil, agar gel was 
removed from the root system by continuous washing of running 
tap water. Then small plastic pots containing sun sterilized sand, 
soil, and humus (1: 2: 1) were used to transfer the plantlets. The 
potted plants were hardened in a greenhouse. The transplants 
were then gradually acclimatized to outdoor conditions. The 
potted plants were watered adequately and covered with a 
perforated polythene bag and kept in a room for 10-15 days.

Statistical Analysis

All the experiments were repeated 3 times, with 7 repetitions 
for each and every treatment. Surface disinfection data was 
recorded once after 5 days and then after 10 days. After 5 weeks 
of cultivation, the data of different parameters from different 
bud proliferation treatments were recorded, and the data of the 
rooting experiment was recorded after 3-6 weeks of cultivation. 
The average value with standard errors were calculated and 
mean data were compared at 5% significance level by one-way 
ANOVA followed by Duncan’s Multiple Range Test (DMRT) 
using SPSS Statistics 23 software.

RESULTS

Surface Sterilization of Explants

HgCl2 solution is usually used as one of the potential surface-
sterilizing agents. However, the non-judicious application of 
HgCl2 solution for a long duration may thwart proliferation and 
kill the excised tissues in many cases. Standardization of the 
surface sterilization protocol is done by trial and error. The shoot 
tips and nodes of C. cordifolia grown in the field were treated 
with 0.1% HgCl2 for aseptic cultivation at different durations, 
i.e. 3, 4, 5, 6, 7, 8, 9, and 10 minutes.

Contamination occurred when the explants were treated in 0.1% 
HgCl2 solution for 3, 4, and 5 minutes. However, 85% of the stem 
tips and 90% of the node explants were contamination free at 
the 6 minutes treatment of 0.1% HgCl2. When the explants were 
processed for a long time (7-10 minutes), partial or complete 

tissue death was observed, although, no contamination was 
found.

Effect of Different Strengths of MS Medium

For this study, shoot-tip and nodal segment explants were 
collected from field-grown mature plants and cultured on 
different strengths of MS medium (Murashige & Skoog, 1962), 
MS (full strength), MMS1 (1/2 strength of major salts but full 
strength of minor salts), and MMS2 (1/2 strength of major 
salts and minor salts). The growth regulators at 1.0 mg/L BAP, 
1.5 mg/L BAP, 2.0 mg/L BAP, 1.0 mg/L BAP + 0.1 mg/L NAA, 
1.5 mg/L BAP+ 0.1 mg/L NAA, and 2.0 mg/L BAP + 0.1 mg/L 
NAA were used as supplements in each nutrient medium 
(Table 1). The data presented in table 1 showed that the 
full strength of MS medium produced the best proliferation 
concerning for the frequency to explants showing proliferation 
ranged 40-85% for shoot-tips and 45-95% for nodal segments. 
Number of shoots per explant ranges 1.5±0.35 to 4.5±0.46 for 
shoot-tips and 1.7±0.16 to 5.0±0.55 for nodal segments. The 
length of the longest shoot was also significantly (P<0.05) higher 
in that medium irrespective of growth regulator supplements.

The proliferation of shoots was found slower on MMS1 and 
MMS2 media than that of on MS medium. The shoots produced 
on these media were unhealthy in their growth and vigor. 
Considering the experiment results, the only full strength of MS 
medium was used as a basal medium in the subsequent study 
for proliferating shoots or regenerating plantlets of C. cordifolia.

Selection of Suitable Explants and Effective Cytokine

Axillary shoot proliferation was induced in two types of explants, 
including shoot-tip and nodal segments on MS medium with 
1.0, 2.0, and 3.0 mg/L of PGRs like BAP, and Kin separately for 
selecting optimum cytokine concentration and better explants 
type. The maximum shoot production was 90% and 100% for 
shoot-tip and nodal explants, respectively (Figure 1c-d). After 
5 weeks of incubation, the data of number of shoots per explant 
and the average length of shoots per culture from different 
treatments were recorded, and the results are shown in Table 2.

The concentrations of the cytokines used in the present 
investigation amazingly influenced the regeneration of axillary 
shoot from the cultured shoot-tip and nodal explants. At 
most concentrations, the cytokine BAP is relatively more 
effective in increasing axillary shoots, while Kin is much less 
effective. With the increase of cytokine concentrations from 
1.0 to 2.0 mg/L, the proliferation percentage and the shoots 
number per culture gradually increased. Although a further 
increase in cytokine concentrations from 2.0 mg/L to 3.0 mg/L 
did not lessen any of the parameters, reduced the increase of 
shoots. The media containing 1.0, 2.0, and 3.0 mg/L of BAP 
treatments induced axillary shoots from shoot-tip and nodal 
explants with response rate of 55% and 65%, 90% and 100%, 
and 45% and 50%, respectively, and the number of shoots per 
explant ranges 1.9±0.33-4.0±20 for shoot tips and 2.3±0.16-
4.8±0.09 for nodal explants (Table 2). So, the most preferred 
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concentration is 2.0 mg/L of BAP as the other cytokine, Kin, 
produced a significantly (P<0.05) lower number of shoots. It 
was also clearly discerned that the nodal explants were better 
for maximum axillary shoot proliferation than that of shoot 
tip explants.

In order to evaluate the combined hormonal effect, in vitro 
grown shoots were taken as explants and were cultured on MS 
medium supplemented with 1.0, 2.0, and 2.5 mg/L of BAP 
together with three different concentrations (0.1, 0.2 and 
0.5 mg/L) of NAA, IBA, and IAA.

Among all the combinations, lower concentrated 0.1 mg/L NAA 
combined with 2.0 mg/L BAP showed significantly (P<0.05) the 
best proliferation rate in both experimental explants (Table 2).

Axillary shoot proliferation showed a great response of about 
85% and 90% for shoot tip and node, respectively, on MS 
medium with 2.0 mg/L BAP + 0.1 mg/L NAA. In this hormonal 

treatment, shoot tip and node produce 2.8±0.30 and 3.0±0.41 
number of shoots per culture, respectively. The significantly 
(P<0.05) highest shoot length for shoot tip explant was 
5.6±0.50 cm and 6.0±0.16 cm was obtained for nodal explant 
in 2.0 mg/L BAP + 0.1 mg/L IBA and 2.0 mg/L BAP + 0.1 mg/L 
NAA, respectively. Furthermore, explants of both types showed 
a lower response rate and a lower productivity on MS medium 
with BAP combined with IAA.

Effect of GA3 on Shoot Regeneration

Gibberellic acid (GA3) is essential for lateral shoots induction 
and to increase the internode’s length. 9 types of hormonal 
combination (1.0, 2.0, and 2.5 mg/L BAP and 0.1, 0.2, and 
0.5 mg/L GA3) were used (Table 3). Nodal segments showed 
highest response rate of 80% in 2.0mg/L BAP + 0.1 mg/L GA3. 
Although the length for both shoot tip and node explants were 
obtained most in 2.0 mg/L BAP combined with 0.5 mg/L GA3 of 
about 7.3±0.30 cm and 7.5±0.50 cm, respectively, total number 

Table 1: Different levels of nutrients in MS medium and effect on plant regeneration rate, shoots number and shoots length. Same 
letters in the same column indicate no significant differences between mean ± SE of treatments at 5% significance level
Growth regulators (mg/L) Different nutrient media Types of explants Response of 

explants (%)
No. of shoots per 
culture (X–±S.E.)

Length of the shoot (cm) 
(X–±S.E.)

BAP
MS ST 40 1.5±0.35e 1.8±0.12e

NS 45 1.7±0.16e 2.0±0.33e

1.0 MMS1 ST 30 1.4±0. 50e 1.7±0.25e

NS 35 1.5±0.34e 1.9±0.44e

MMS2 ST 20 1.2±0.24ef 1.2±0.34f

NS 25 1.3±0.51ef 1.5±0.22ef

MS ST 65 3.5±0.45cd 3.9±0.27c

NS 75 3.9±0.26bc 4.0±0.51c

1.5 MMS1 ST 45 2.5±0.39d 3.1±0.31d

NS 55 2.7±0.37d 3.5±0.10d

MMS2 ST 35 1.4±0.27e 1.7±0.66e

NS 40 1.5±0.46e 1.8±0.43e

MS ST 85 4.5±0.46a 5.8±0.57a

NS 95 5.0±0.55a 6.0±0.35a

2.0 MMS1 ST 75 4.1±0.38b 4.9±0.41b

NS 80 4.6±0.12a 5.0±0.31b

MMS2 ST 65 2.9±0.31d 3.4±0.20d

NS 75 3.4±0.20cd 3.7±0.35cd

BAP + NAA
MS ST 55 3.0±0.49cd 3.3±0.49d

NS 60 3.2±0.16cd 3.6±0.33cd

1.0+0.1 MMS1 ST 40 1.6±0.59e 1.8±0.46e

NS 45 1.8±0.16e 2.1±0.52e

MMS2 ST 30 1.5±0.36e 1.4±0.49ef

NS 35 1.7±0.31e 1.7±0.33e

MS ST 75 4.2±0.36b 4.7±0.39b

NS 80 4.8±0.55b 4.9±0.28b

1.5+0.1 MMS1 ST 55 3.6±0.24bc 3.7±0.12c

NS 60 3.7±0.20bc 4.0±0.47c

MMS2 ST 35 1.6±0.35e 2.9±0.25d

NS 45 1.2±0.22ef 3.0±0.11d

MS ST 75 4.4±0.35a 5.0±0.24b

NS 85 4.9±0.70a 5.5±0.11b

2.0+0.1 MMS1 ST 65 3.7±0.33bc 4.0±0.20c

NS 70 3.9±0.44bc 4.3±0.35c

MMS2 ST 55 3.1±0.23cd 3.1±0.29d

NS 60 3.4±0.31c 3.4±0.33cd

ST = Shoot Tip; NS = Nodal Segment; MS= Full strength of major and minor nutrients; MSS1=1/2 strength of major nutrients but full strength of 
minor nutrients; MMS2=1/2 strength of major nutrients and minor nutrients
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Table 2: Axillary shoot proliferation from the shoot tips and nodal segments of field‑grown plants. Same letters indicate no significant 
differences between mean±SE of treatments (n=3) at 5% significance level
Different nutrient 
media

Types of 
explants

Response of 
explants (%)

No. of total shoots per 
culture (X–±S.E.)

Length of the 
shoot (cm) (X–±S.E.)

Basal callus 
formation

BAP
1.0 ST 55 2.5±0.20cd 3.2±0.25g +

NS 65 2.7±0.34cd 3.8±0.44ef +
2.0 ST 90 4.0±0.20b 5.8±0.11b +

NS 100 4.8±0.09a 6.7±0.32a +
3.0 ST 45 2.9±0.20c 3.6±0.66ef ++

NS 50 3.0±0.25c 4.0±0.43ef ++
Kin

1.0 ST 50 2.0±0.25d 3.0±0.41g +
NS 55 2.3±0.12d 3.3±0.31fg +

2.0 ST 80 3.8±0.49b 5.1±0.55cd ++
NS 85 4.0±0.33b 5.5±0.20c ++

3.0 ST 30 2.1±0.36d 3.0±0.49g +
NS 35 2.6±0.53cd 3.5±0.33f +

BAP+NAA
1.0+0.1 ST 65 2.2±0.25d 4.8±0.20d +

NS 70 2.4±0.24d 5.0±0.34d +
1.0+0.2 ST 45 1.8±0.50de 4.0±0.45ef ++

NS 50 1.9±0.51de 4.2±0.22e ++
1.0+0.5 ST 30 1.3±0.40ef 3.0±0.15g ++

NS 35 1.5±0.20e 3.1±0.11g ++
2.0+0.1 ST 85 2.8±0.30cd 5.5±0.50c +

NS 90 3.0±0.41c 6.0±0.16b +
2.0+0.2 ST 75 2.3±0.25d 4.5±0.30de +

NS 75 2.5±0.25d 4.0±0.43ef +
2.0+0.5 ST 50 2.0±0.21d 3.5±0.40f +

NS 50 2.1±0.21d 3.5±0.31f +
2.5+0.1 ST 60 2.1±0.10d 4.1±0.15e ‑

NS 65 2.2±0.09d 4.2±0.18e ‑
2.5+0.2 ST 50 1.8±0.30de 3.4±0.50f +

NS 50 1.9±0.25de 3.5±0.41f +
2.5+0.5 ST 20 1.2±0.15f 2.4±0.25gh +

NS 20 1.3±0.12f 2.5±0.31gh +
BAP+IBA

1.0+0.1 ST 60 1.6±0.30de 4.4±0.25ed +
NS 65 1.7±0.50de 4.5±0.46ed +

1.0+0.2 ST 40 1.3±0.10f 3.8±0.30ef +
NS 45 1.4±0.19f 4.0±0.52ef +

1.0+0.5 ST 25 0.8±0.50fg 2.7±0.25g ++
NS 30 0.9±0.36fg 2.9±0.49g ++

2.0+0.1 ST 75 2.4±0.25cd 5.6±0.50b +
NS 80 2.5±0.23cd 5.8±0.15b +

2.0+0.2 ST 60 2.1±0.20d 4.7±0.40d +
NS 65 2.2±0.21d 4.9±0.44d +

2.0+0.5 ST 40 1.6±0.15de 2.8±0.60g ++
NS 45 1.8±0.13d 3.0±0.25g ++

2.5+0.1 ST 55 1.8±0.10d 3.6±0.40ef +
NS 60 1.9±0.21d 3.7±0.22ef +

2.5+0.2 ST 40 1.4±0.50ef 3.1±0.25g ++
NS 45 1.5±0.20ef 3.2±0.11g ++

2.5+0.5 ST 20 1.2±0.15f 2.0±0.45h ++
NS 25 1.3±0.09f 2.1±0.32h ++

BAP+IAA
1.0+0.1 ST 55 1.4±0.45ef 4.1±0.20e ‑

NS 60 1.5±0.21ef 4.3±0.11e ‑
1.0+0.2 ST 35 1.1±0.25efg 3.5±0.10f +

NS 40 1.2±0.55efg 3.6±0.35ef +
1.0+0.5 ST 20 1.0±0.10fg 2.1±0.15h ++

NS 25 1.0±0.25fg 2.2±0.10h ++
2.0+0.1 ST 70 2.0±0.30d 5.0±0.35d +

NS 75 2.1±0.49d 5.1±0.55d +
2.0+0.2 ST 60 1.8±0.10de 4.4±0.15ed +

NS 65 1.9±0.12de 4.5±0.41ed +

(Contd...)
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of shoots and response rate was low. Total shoot number was 
found significantly (P<0.05) higher for the nodal segment of 
2.8±0.40 on the medium of 2.0 mg/L BAP + 0.1 mg/L GA3. 
Callus formation was observed slightly in every combination 
except the high concentrated GA3 with 2.0 mg/L BAP.

In vitro Root Formation

For root formation, shoots were cut from cultures grown in 
vitro and sub-cultured in full and half-strength MS medium 
supplemented with various concentrations (0.5, 1.0, and 
2.0 mg/L) of NAA, IBA, and IAA to find the role of this auxin 
in roots. Most regenerated shoots produce healthy root systems 
with basal callus formation. For in vitro rooting, half-strength 
MS medium is slightly higher than full-strength MS medium. 
The obtained results are shown in Table 4.

The highest percentage of rooting induction was 75% recorded 
in half MS media supplemented with 0.5 mg/L IBA. The 
significantly (P<0.05) highest average root number (3.1±0.30) 

was obtained at the same hormonal composition while rooting 
induction and mean number of roots in full MS media were 
recorded as 65% and 2.4±0.37, respectively. There was no root 
formation in 2.0 mg/L auxins concentration, albeit profuse 
callusing has emerged at the cut margin. However, IAA 
concentration showed lower response rate below 50% in every 
treatment.

Acclimatization

In vitro grown rooted plantlets were then collected from the 
glass vessels and cleared the agar gel from the root of the 
micro-shoots. The plantlets were then transferred in a small 
pot containing sun sterilized sand, soil, and humus (1: 2: 1) and 
watered regularly, and kept in a growth room for almost 15 days 
to adapt themselves gradually to the ex vitro environment. 
Then the potted plantlets were transplanted to the ex vitro 
environment, where about 95% of them survived and acclimated 
successfully on the garden soil after 4 weeks of transplantation 
(Figure 1f).

Table 2: (Continued).
Different nutrient 
media

Types of 
explants

Response of 
explants (%)

No. of total shoots per 
culture (X–±S.E.)

Length of the 
shoot (cm) (X–±S.E.)

Basal callus 
formation

BAP + IAA
2.0+0.5 ST 30 1.3±0.20ef 2.4±0.25gh ++

NS 35 1.4±0.50ef 2.5±0.46gh ++
2.5+0.1 ST 45 1.5±0.10e 3.2±0.50fg +

NS 50 1.6±0.19de 3.3±0.20fg +
2.5+0.2 ST 35 1.3±0.20ef 2.8±0.20g ++

NS 40 1.4±0.30ef 2.9±0.49g ++
2.5+0.5 ST 15 1.0±0.50efg 1.9±0.30h +++

NS 20 1.1±0.20efg 2.0±0.01h +++

 ST=Shoot Tip; NS=Nodal Segment; (‑) represents no response; (+) indicates minor callusing; (++) represents noticeable callusing; (+++) 
represents abundant callusing

Table 3: BAP and GA3 combined hormonal effect on axillary shoot proliferation from the Shoot tip and Nodal segment explants 
of in vitro shoots. Same letters in the same column indicate no significant differences between mean±SE of treatments at 5% 
significance level
Growth 
regulators (mg/L)

Types of Explants Response of 
explants (%)

No. of total shoots per 
culture (X–±S.E.)

Length of the 
shoot (cm) (X–±S.E.)

Basal callus 
formation

BAP GA3

1.0 0.1 ST 60 1.8±0.25bc 3.7±0.10f +
NS 65 1.9±0.20bc 3.8±0.20ef +

0.2 ST 45 1.4±0. 20d 4.1±0.30e +
NS 50 1.5±0. 51cde 4.2±0.21e +

0.5 ST 25 1.2±0.30ed 4.9±0.25d +
NS 30 1.3±0.17e 5.0±0.20dc +

2.0 0.1 ST 75 2.7±0.30a 5.2±0.10c +
NS 80 2.8±0.40a 5.3±0.10c +

0.2 ST 65 2.1±0.20b 6.0±0.20b +
NS 70 2.2±0.25b 6.1±0.30b +

0.5 ST 40 1.8±0.10c 7.3±0.30a ‑
NS 45 1.9±0.29bc 7.5±0.50a ‑

2.5 0.1 ST 55 2.0±0.20bc 3.9±0.10e +
NS 55 2.1±0.09b 4.0±0.18e +

0.2 ST 40 1.5±0.30cd 4.8±0.15d +
NS 40 1.6±0.40cd 4.9±0.20d +

0.5 ST 20 1.1±0.15e 5.3±0.20c +
NS 20 1.2±0.33e 5.5±0.30c +

 ST=Shoot Tip; NS=Nodal Segment; (‑) represents no response; (+) indicates minor callusing
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DISCUSSION

Developing a reproducible protocol for rapid clonal 
propagation of Cocconia cordifolia, a medicinal plant through 
micropropagation technique was the main objectives of 
the current study (Figure 1). Medicinal plants are sources 
of important therapeutic to relieve human diseases. With 
the increasing realization of the dangers and health toxicity 
associated with the indiscriminate use of synthetic and 
antibiotic medicines, the interest in the use of planted plants 
and drugs is revived all over the world. Even today, the World 
Health Organization (WHO) estimates that up to 80% of people 
still depend mainly on traditional therapies. It is estimated that 
about a quarter of prescription drugs contains extracts of plants 
or active ingredients derived or modeling of plant materials 
(Tripathi & Tripathi, 2003).

In vitro clonal propagation has been one of the most using 
technology for plant preservation and rapid propagation 
(Anisuzzaman et al., 2008). So, the tissue culture technology is 
widely exercised for large-scale reproduction and protection of 
genetic resources of medicinal plants and have been successfully 
applied to cucurbitaceae plants (Pal et al., 2007; Khalekuzzaman 
et al., 2012; Alam et al., 2019).

In aseptic condition field derived samples are necessary to be 
surface sterilized for the primary establishment of the culture. 
Fungus and bacteria are the most common contaminator 
observed in in vitro culture. The nutrient medium used in tissue 
culture techniques is most suitable for growth that inhibits the 
regeneration and development of the desired experimental 
plants. Therefore, HgCl2 used as one of the effective surface 
sterilants and is considered as a potent surface sterilization agent 
though its residual inhibitory effect is also greater than the other 
sterilization agents generally is used in tissue culture technique 

Table 4: In vitro root formation on full strength (MS) and half strength (MSS1) of MS medium from the in vitro grown micro‑shoots. 
Same letters in the same column indicate no significant differences between mean±SE of treatments at 5% significance level.
Types of auxin Medium strength Response of micro 

shoots rooted (%)
Number of root per micro 

shoots (X–±S.E.)
Average length of the 
root (cm) (X–±S.E.)

Callus formation at 
the cutting base

IBA
0.5 MS 65 2.4±0.10b 1.5±0.20b +

MSS1 75 3.1±0.30a 1.8±0.30a +
1.0 MS 40 1.3±0.20d 1.0±0.10c ++

MSS1 50 1.5±0.20d 1.5±0.10b ++
2.0 MS ‑ ‑ ‑ +++

MSS1 ‑ ‑ ‑ +++
NAA

0.5 MS 60 2.1±0.20c 1.1±0.20c +
MSS1 60 2.5±0.20b 1.4±0.20b +

1.0 MS 30 1.2±0.30de 0.9±0.30cd ++
MSS1 35 1.3±0.20d 1.0±0.30c ++

2.0 MS ‑ ‑ ‑ +++
MSS1 ‑ ‑ ‑ +++

IAA
0.5 MS 45 1.1±0.20de 0.9±0.20cd ++

MSS1 50 2.1±0.20c 1.1±0.30c ++
1.0 MS 25 1.0±0.30de 0.7±0.20d ++

MSS1 30 1.1±0.30de 0.9±0.20cd ++
2.0 MS ‑ ‑ ‑ +++

MSS1 ‑ ‑ ‑ +++

 (‑) represents no response; (+) indicates minor callusing; (++) represents noticeable callusing; (+++) represents abundant callusing.

Figure 1: Micropropagation of Cocconia cordifolia (a-b: Shoot tip and 
node explant, c-d: Axillary shoot proliferation in full-strength MS medium 
supplemented with 2.0 mg/L BAP and 0.1 mg/L NAA from shoot tips 
(c) and node (d), e: in vitro root formation in half strength MS medium 
supplemented with 0.5 mg/L IBA, f: acclimatized plant)

d

fe

c

ba
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(Bhojwani and Razdan, 1986). So 0.1% HgCl2 treatment for 
6 minutes was found the most workable condition for surface 
sterilization for bud propagation as a maximum of 90% in 
the case of nodal segments and 85% of shoot tips were found 
contamination-free cultures without considerable tissue death. 
Generally a two-step process, 0.525% sodium hypochlorite 
solution treatment for 10-20 min, and then immerse them in 
70% ethanol, was used by many autohrs (Dagnino et al., 1991; 
Verma et al., 2004;). Even Verma et al. (2004) used a layer of 
Rifampicin (100 mg/ml) solution on medium surface in addition 
to this, to prevent bacterial contamination and described the 
harmful effects of sodium hypochlorite on shoot apices. The 
finding of this investigation of using 0.1% HgCl2 treatment 
was similar with the concluded results of Alam et al., (2004); 
Anisuzzaman et al., (2008) and Alam et al., (2013) but there 
are slight differences in duration of differential sensitivity of 
HgCl2 to different plant species.

Three different strengths of MS medium (MS, MMS1 and 
MMS2) were used in the present investigation. Among these, 
full-strength MS medium produced significantly the best results 
irrespective of growth regulator supplements (Table 1). However, 
most plants exhibited varying degrees of response better than 
the woody ones (Bhojwani & Razdan, 1986). This medium 
percentage of explants shoot proliferation ranged from 40-85% 
for shoot tips and 45-95% for nodal explants. Number of shoots 
per explants ranged from 1.5±0.35 - 4.5±0.46 for shoot tips and 
1.7±0.16 - 5.0±0.55 for nodal explants, which indicates full 
ionic concentration is helpful for optimum shoot production 
(Table 1). Venkateshwarulu et al. (2001) also reported similar 
findings in Coccinia indica, and Tefera and Wannakrairoj (2004) 
in Aframomum corrorima.

Between two types of explants obtained from mature plants, 
nodal segments showed comparatively better results than 
shoot-tip explants for axillary shoot proliferation (Figure 1a-d). 
For high-frequency axillary shoot regeneration, nodal explants 
of in vitro grown plantlet are the best explant. In the present 
investigation, in vitro developed nodal explants produced a 
significantly higher number of shoots in 100% culture (Table 2). 
Similar findings were also noted in Zehneria scabra (Anand & 
Jeyachandran, 2004), Hyptis suaveolens (Britto et al., 2001). The 
effects of cytokines on shoot proliferation from nodal segment 
and shoot tip were tested on using different concentrations 
of BAP and Kin (Table 2). Among these media combinations, 
BAP (2.0 mg/L) showed better proliferation rate than Kin. 
The superiority of BAP in producing in vitro axillary shoots has 
also been established in other medicinal plants like - Hyptis 
suaveolens (Britto et al., 2001), Zehneria scabra (Anand & 
Jeyachandran, 2004). The combination of BAP and NAA was 
found effective in Cocconia indica on MS medium fortified with 
1.5 mg/L BAP and 0.5 mg/L NAA (Sarker et al., 2009).

Therefore, the effect of different concentrations and 
combinations of BAP with three auxins (NAA, IBA, and IAA) on 
shoot multiplication from nodal segments and shoot tip explants 
were evaluated (Table 2). Among these media combinations, 
BAP+NAA showed a significantly (P<0.05) better proliferation 
rate than BAP+IBA and BAP+IAA combinations. In shoot 

proliferation medium, a comparatively higher concentration 
of BAP with a lower concentration of NAA showed the best 
results, and the significantly (P<0.05) maximum number of 
3.0±0.41 shoots per explants was observed on a medium having 
2.0 mg/L BAP with 0.1 mg/L NAA. The highest mean number 
of shoots per explant was produced in media having 2.0 mg/L 
BAP + 0.1 mg/L NAA.

Moreover, BAP in combine with NAA showed better performance 
than the other combinations for the bud multiplication in shoot 
tip and nodal explants as Kashem and Rahman (2018) found 
100% regeneration rate in Cocconia grandis whereas Patel and 
Ishnava (2015) reported the length of shoot was 5.9±1.0 cm in 
the same hormonal combination.

Then for further analysis, GA3 were used in different 
concentration to combine with BAP to improve the shoot 
length as reported in a wide range of species (Alam et al., 2004). 
However, the total shoots number and response rate were found 
lower than sole supplement of BAP and NAA combination 
treatment.

So, 2.0 mg/L BAP alone as PGR source and 2.0 mg/L BAP + 
0.1 mg/L NAA combine supplement proved to be the best PGR 
for C. cordifolia in this current study as shoot tips and nodal 
segments were significantly (P<0.05) much higher shoots 
number with higher length than other hormonal treatment and 
the result is in support with the findings of Karim and Ahmed 
(2010) in teasle gourd.

The regenerated micro-shoots were separated from the cultures 
for the development of roots at their cut bases (Figure 1e). 
Rooting of regenerated shoots is particularly important for the 
establishment of tissue culture-derived shoots. Pierik (1987) 
stated that the most effective auxins were definitely IBA 
and NAA for rooting. Herbaceous plants require fewer auxin 
concentrations than the woody plants. There have been several 
published reports on the roots induction by auxin in in vitro 
developed shoots of some important medicinal plants (Begum 
et al., 2003). To induce adventitious roots, 3-4 cm long shoot 
cut from in vitro proliferated shoots which were cultured on 
full and half strength of MS medium with growth stimulators 
of 0.5, 1.0, and 2.0 mg/L either of IBA, NAA or IAA (Table 4). 
Among three types of auxin treatment on root formation, the 
half strength MS medium supplemented with 0.5 mg/L IBA is 
found the most satisfactory. The highest percentage (75%) of 
root growth was obtained in ½ MS with 0.5 mg/L IBA. The use 
of half nutritious MS medium for rooting to in vitro shoots has 
been a prevalent practice that is also reported by Sarker et al. 
(2009) where the authors observed best root initiation response 
in 1.5 mg/L IBA incorporated with 0.5 mg/L. Sundari et al. 
(2011) also reported IBA as profound auxin for root formation 
as 100% formed root in 0.1 mg/L IBA contained MS medium. 
The next suitable auxin was NAA, but it produced callus at the 
cut base of the root.

In vitro regenerated plantlets of Coccinia cordifolia were 
transferred to the soil under ex vitro conditions. Of the 
transplanted plantlets, about 95% of them could tolerate 
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transplantation shock and survived under ex vitro environment 
(Figure 1f). The rest of the transplants could not survive due 
to either desiccation or microbial overgrowth. Damping-off 
and necrosis of the transplants were also observed during 
acclimatization in ex vitro conditions in the case of Solanum 
nigrum (Ara et  al., 1993). Since in vitro regenerated seedlings 
are very fragile, special arrangements are required, such as 
controlled greenhouse conditions, the use of soilless potting 
mixtures (such as perlite, vermiculite, peat plugs), and the use 
of fungicides, so that the seedlings can easily and successfully 
adapt to the environment.

CONCLUSION

The findings of the study for in vitro establishment of 
C.  cordifolia have been standardized with shoots regeneration, 
multiplication, rooting formation, and acclimatization. With 
full-strength MS medium supplemented with 2.0 mg/L 
BAP were found productive as regeneration rate and shoot 
number and length was maximum at 5% significance level. 
Nodal segments was found as paramount for in vitro shoot 
multiplication. Further, the plant had a 95% survival rate at 
ex vitro condition after getting maximum roots at 0.5 mg/L 
IBA in half-strength MS medium. Information obtained from 
different steps of the study would be of use for initiation of 
any experiment on tissue culture and in vitro manipulation 
of Coccinia cordifolia for the best use of the plant parts in the 
pharmaceutical industry.
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