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Abstract: Kedrostis foetidissima is an important medicinal
climber belonging to the family cucurbitaceae. It is widely used in
folklore and traditional systems of medicine for various disorders
like seborrheic dermatitis, measles, diarrhea, urinary tract
infections and asthma. The availability of plant decreased in its
natural habitats due to high medicinal value and over usage. To
enhance plant multiplication of this plant an efficient in vitro
regeneration protocol was established using nodal explants through
direct regeneration. MS medium amended with BAP, TDZ (0.5-2.5
mg/l) alone and together with IAA/NAA (0.2-1.0 mg/l) were used.
Of these BAP (2.0 mg/l) induced the highest percentage response
(73%) with 17.2 + 0.24 mean number of shoots per explant after the
first subculture. The shootlets were rooted on half strength MS
medium augmented with IBA (1.0 mg/l) with an average of 16.3 +
0.47 roots per shoot and mean root length (cm) is 1.31+0.07 after
four weeks of culture. The regenerated plantlets were hardened in
polycups, then acclimatized in greenhouse and transferred to the
field with 68% survival rate.

Index Terms: Kedrostis foetidissima, MS Medium, Multiple
shoots, Nodal explant, Shoot bud initiation.

I. INTRODUCTION

Kedrostis foetidissima (Jacg.) Cogn. is an important medicinal
climber belonging to the  family Cucurbitacece. It is a
monoecious scandant herb with perennial root stock. It is
commonly known as “Kunkuma donda” in Telugu. It is
distributed in Tropical and South Africa, Asia through India to
Burma (Britto, 2019). In India it is distributed in Andhra
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Pradesh, Gujarat, Karnataka, Madhya Pradesh, Maharashtra,
Tamilnadu (Renner & Pandey, 2013) and Telangana (Reddy &
Reddy, 2016).

The medicinal importance of cucurbitaceae members
attributed to its presence of cucurbitacins. Kedrostis foetidissima
has great medicinal value and uses in traditional and folklore
systems of medicine (Siddha) since many years (Kunthavi et al.,
2018). Leaves used to treat skin diseases, measles, chest pain,
urinary tract infections (Giday, 2003), common cold in children
(Kuruppuswamy, 2007), diarrhea and seborrheic dermatitis,
eczema (Jaganathan et al., 2016). The tuber and fruit are
demulcent is advised for asthma (Dogra et al., 2015).
Phytoconstituents  like quercetin-rhamnoside, cucurbitacin
glycoside and rutin in leaves and stems are responsible for
antimicrobial, anti-diarrheal, antioxidant and anticancer
activities (Amutha, 2017). The most interesting feature of this
plant is the presence of cucurbitacins. Cucurbitacins B, D, E and
I (Rios, 2005) and toxic cucurbitacins C from stem, | from
leaves were reported (Njoroge & Newton, 1994). These
compounds are responsible for anticancer activity. Further
investigations proved that crude extract of leaves showed anti-
proliferative activity against breast cancer cell lines (Choene &
Motadi, 2012) and Hepatocellular liver carcinoma cell lines
(Elavazhagan, 2016). Leaf and stem extracts have antibacterial
and antifungal properties (Priyavardini et al., 2008; 2012) and
anti-diarrheal property (Shivaprakash, 2016) and due to having
high amount of antioxidants, it is used to free radical induced
diseases as curative agent (Pavithra & Vadivukarasi, 2015).
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Tubers also possess nutritional values such as high protein
content, starch and niacin vitamin (Mohan & Kalidas, 2010).

Tissue culture techniques successfully employed for
conservation of many crop and wild Cucurbitaceae members
such as Momordica dioica (Mustafa et al., 2013), Momordica
charantia (Thiruvengadam et al., 2012), Coccinia indica (Borah
et al., 2019), Trichosanthes cucumerina ( Kawale & Chowdary,
2009), Bryonopsis laciniosa (Shastree et al., 2012).

The techniques of micro propagation provide a good
alternative for the plant species that shows resistance to practices
of conventional bulk propagation (Bhatia et al, 2015). Increased
demand for high yield and disease resistant plants, plant tissue
culture aids in large scale production of plants in stipulated time
using an explant and light as a source (Patil et al., 2021). As this
plant has been widely used in traditional systems of medicine, its
availability is getting decreased in its natural habitats and it is
considered as least concerned species (Nirmala & Pandian,
2013). There is an urgent need to conserve this plant species. So
this study has been carried out for regeneration of Kedrostis
foetidissima through in vitro techniques.

Il. MATERIALS AND METHODS

A. Plant material collection and surface sterilization

Plant material was collected from Warangal district and
grown in the botanical garden of the Department of Botany,
Kakatiya University, Warangal. The specimen was identified by
Dr. Md. Mustafa, Department of Botany, Kakatiya University,
Warangal and deposited in Herbarium (Accession no. 1124).
Healthy and juvenile shoots were collected from field grown
plant, they were dipped in water and brought to the laboratory
immediately. The stem material was cut into single node pieces
of 1.cm.length. They were washed under running tap water for
20 minutes. After that they were dipped in NaOCI solution for
surface disinfection and followed by rinsed with normal water,
next with distilled water to remove excess disinfectant. Further
sterilization was performed under laminar-air-flow hood with
1.0 % (W/V) HgCI2 for 3-4 minutes, immediately 5 times rinsed
with sterilized double distilled water. Then the nodal segments
were blotted dried and tips were cut slant and inoculated on MS
medium supplemented with various combinations of hormones
for multiple shoot induction.

B. Composition of media and maintenance of culture
conditions
The explants were inoculated on MS medium supplemented
with 3% sucrose and 0.8% agar-agar was added for
solidification. The P of the medium was balanced to 5.6 to 5.8
after that 20 ml of medium dispensed in 25 x150 mm borosil
culture tubes. All the culture tubes along with medium were
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Table I. Effect of BAP, TDZ alone and in combination with I1AA
and NAA on multiple shoot induction from nodal explants of
Kedrostis foetidissima

.MS (%) Mean Mean length

Medium + of number of
of shoot (cm) £
Hormone resp | shoots/explant SE
(mgl/l) onse +SE '

BAP
05 43 1.5+0.1600° 2.55+0.08ddd
1.0 57 6.1+0.23ff 6.79+0.32%a
15 67 8.9+0.17¢cc 3.47+0.14bbd
2.0 73 17.2+0.24%a 3.15+0.23bbb
25 60 10.1+0.23bbb 2.11+0.149dd
TDZ
0.5 0 NR NR
1.0 57 3.5+0.16" 1.71 + 0.25ff
15 60 5.1 +£0.23mh 2.39 + 0.064dd
2.0 53 2.9 £0.31mmm 1.25 + 0.06"hh
2.5 0 NR NR
BAP+IAA
1.0+0.2 47 1.440.16°° 1.38+0.12999
1.0+0.4 53 5.2+0.20"Mh 1.79+0.13f
1.0+0.6 57 4.9+0.23ii 2.47+0.08ddd
1.0+0.8 53 3.1+0.31M 2.01+0.09¢ee
1.0+1.0 60 7.1+0.319dd 3.49+0.13b00
BAP+NAA
1.0+0.2 40 2.5+0.16"" 1.85+0.11ff
1.0+0.4 a7 5.5+0.16999 2.92+0.12¢¢c
1.0+0.6 53 3.7+0.27Kkk 2.55+0.074dd
1.0+0.8 50 2.6+0.16mmMm 2.03+0.06%¢¢
1.0+1.0 57 6.3+0.45ff 3.23+0.25b00
TDZ+IAA
1.0+0.2 45 3.6 + 0.23kkk 1.46 + 0.06999
1.0+0.4 63 6.6 + 0.22°¢¢ 2.61 + 0.05¢¢c¢
1.0+0.6 53 5.7 £0.21999 1.36 + 0.16999
1.0+0.8 50 5.2 +0.35mN 1.15 + 0.56Mhh
1.0+1.0 a7 2.9 £ (0.23mmm 1.03 + 0.23ii
TDZ+NAA
1.0+0.2 40 1.3 £ 0.15%00 1.32 +0.13999
1.0+0.4 60 5.6 £ 0.29999 2.82 + 0.25¢¢
1.0+0.6 57 4.0 +£0.14i 2.36 +(.214ddd
1.0+0.8 50 3.3+0.13" 1.33 + 0.53999
1.0+1.0 53 3.8 + 0.46Kkk 1.23 + 0.450hh

*NR= No response, Data represents average of three replicates;
each replicate consists of 30 cultures and data recorded after 4
weeks of first subculture. Values are Mean + S.E. Mean followed by
different letters within hormone alone and combinations are
significantly different at p=0.05, as per Duncan’s Multiple Range

Test.

closed with non-absorbent cotton, then autoclaved at 121° C
temp and 15 Ib pressure for 20 minutes for disinfection.
Inoculated culture vessels were kept in a growth chamber
maintained at 25+2° C temp, photoperiod of 8/16 hrs dark and
light under cool and white fluorescent tubes.

C. Shoot induction, Shootlet elongation and Multiplication

MS medium supplemented with various concentrations
of 6-Benzyl amino purine (BAP) and Thiadiazuron (TDZ) alone
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(0.5- 2.5mg/l) and along with auxins like Indole 3-acetic acid
(IAA) and Napthalene acetic acid (NAA) each (0.2-1.0mg/l)
were used to elicit morphogenic response from nodal explants.
In vitro raised shoots were sub cultured on fresh MS medium of
same concentration of hormones with 4-5 weeks of intervals.
The mean number of shoots and mean length of shoots were
recorded after 4 weeks of each subculture.

D. Root induction and acclimatization of plantlets

The in vitro grown shootlets of 5-6 cm. length were cut out
from the cultures and transferred on half strength MS medium
fortified with Indole 3-butyric acid (IBA), IAA and NAA (0.5-
2.5mg/l) alone. Results were reported after 4 weeks of culture.
In vitro rooted plantlets were shifted to poly cups containing
sand and black soil (1:1) for hardening. They were kept in a
culture room under 16/8 dark and light period for 2 weeks. After
that they were shifted to the greenhouse at 80-90% RH and
28+2° C temp before shifting into the field.

E. Statistical analysis

Thirty replicates for each treatment were used for multiple
shoot induction and root initiation individually and experiments
were repeated for thrice. The details for percentage of response,
mean number of shoots per explant, shoot length (Table-I), mean
number of roots and mean length of root per plantlet (Table-11)
were recorded. Data was statistically presented as the mean
tstandard error variance (ANOVA) using SPSS software and
means were compared using Duncan’s multiple range test at 5%
probability.

I11. RESULTS AND DISCUSSION

A. Effect of phytohormones on multiple shoot induction

In the present study BAP, TDZ alone and in combination with
auxins i.e. IAA and NAA were used to investigate in vitro
multiple shoot induction from nodal explants of Kedrostis
foetidissima. Shoot bud induction was observed in all
concentrations of plant growth regulators tested, but response of
percentage varied in different concentrations was shown in
Table-1. Nodal explants cultured on MS medium augmented
with BAP, TDZ (0.5mg/l -2.5mg/l) alone, and along with auxins
NAA and IAA (0.2mg/l -1.0mg/l) responded within one week
and proliferation of axillary shoot bud noticed from nodes and it
is also noticed that swelling of lower cut ends to produce callus
after 12 days of culture (Fig-1A). Similar results were achieved
in Woodfordia fructicosa (Mallesham et al., 2012). The
developed shoots from nodal explants were subcultured after 4
weeks on fresh MS medium of same concentration.

MS medium supplemented with 2.0mg/l BAP showed maximum
percentage response of explants (73%) with highest mean
number of shoots 17.2 + 0.24 after 4 weeks of first subculture
(Fig -1C). Results were on par with Corollocorpus epigaeus
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(Vemula et al., 2019) Cucumis trigonus (Aruna & Niranjana,
2016). But previous reports of tissue culture studies in Kedrostis
foetidissima achieved high frequency regeneration (80%) from
intermodal derived callus on MS medium supplemented with 10
mg/l BAP (Suganthi & Poornima, 2014). However higher mean
length of shoots about 6.79+0.32 (cm) achieved at 1.0mg/l BAP.
Length of shoot was also affected by concentration of BAP. An
increased concentration of BAP in culture medium resulted in
shorter length of shoot. These results are similar with previous
reports in Limnophila aromatica (Mohemad & Asim, 2015) and
in Cucumis sativus ( Alam et al., 2015)

Nodal explants cultured on MS medium supplemented with
1.0mg/l BAP and 1.0mg/l IAA have shown maximum response
percentage (60%) with maximum number of shoots 7.1+0.31
and higher shoot length (cm) 3.49+0.13 were recorded. Explants
were cultured on 1.0mg/l BAP and 1.0mg/l NAA showed

Fig.1. Morphogenic response of Kedrostis foetidissima on MS
medium supplemented with various combinations and
concentrations of hormones.

A. Shoot bud initiation after 1 week of
inoculation on MS medium with 2.0mg/l TDZ
from nodal explants

B. Multiple shoot induction after 4 weeks of
inoculation on MS medium with 1.5 mg/l TDZ
from nodal explants

C. High frequency multiple shoot induction
on MS medium with 2.0mg/l BAP after
first subculture

D. Invitro rooting of shootlets on MS medium with 1.0
mg/l IBA

E. Hardening of plantlet in cups containing soil and
sand

F. Growth of in vitro regenerated plants on soil in the
green house.

maximum response percentage (57%) with a good number of
shoots 6.3+0.45 and shoot length (cm) 3.23+0.25. Remarkable
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Table Il. Effect of auxins on root induction in in vitro raised
shootlets of Kedrostis foetidissima

Half Mean
strength MS (%) number of Mean length of
Medium + of
roots/explant + root (cm) £ S.E
Hormone | response
S.E
(mgl)

IBA

T 05 67 13.4+ 0,309 0.85+0.06f
1.0 93 16.3 £ 0.473 1.31+0.0744d
15 83 14.5+0.46°¢ 1.80+0.06000
2.0 70 8.3+0.47ff 2.86+0.29%
IAA

05 63 8.9+0.23¢%¢¢ 1.04+0.04%¢¢
1.0 90 15.1+0.3600P 1.85+0.12bbb
15 77 13.1+0.5094d 1.46+0.07¢cc
2.0 0 NR NR
NAA

05 0 NR NR
1.0 67 5.9+0.37999 1.64+0.09bb0
15 63 4.9£0.040hh 1.47+0.07¢cc
2.0 0 NR NR

*NR= No response. Data represents average of three replicates;
each replicate consists of 30 cultures and data recorded after 4 weeks
of culture. Values are Mean * S.E. Mean followed by different letters
within hormone alone are significantly different at p=0.05, as per
Duncan’s Multiple Range Test.

increase in the number of shoots was observed with the
increasing concentration of auxins IAA and NAA with stable
concentration of BAP. Thus synergistic effect of auxins with
cytokinins given good results. Similar results are reported in
Momordica dioica at NAA (1.0mg/l) along with BAP (1.0mg/l)
(Kapadia et al., 2018). In contrary to this low concentration of
auxin (0.1mg/l 1AA) along with 0.5mg/l BAP were given best
shoot proliferation in Momordica dioica (Chowdary et al.,
2017). and 2.0mg/l 1AA + 0.5mg/l BAP in Corollocarpus
epigaeus (Narayan, 2016).

Nodal explants cultured on 1.5 mg/l TDZ have shown
maximum response (60%) with high number of shoots 5.1 +
0.23 and shoot length (cm) 2.39 + 0.06 (Fig-1B). It is observed
that when TDZ was used, more callus production and reduction
of number of shoots emergence was observed. It is proved that
TDZ is not more effective in multiple shoot induction in
Kedrostis foetidissima than BAP. Results are similar with shoot
tip explants of Ficus carica var. Black Jack, in which TDZ
drastically reduced the number of shoots (Rajendra parab et al.,
2021). The MS medium supplemented with1.0 mg /I TDZ and
0.4 mg/l 1AA given higher percentage (63%) of response with
mean number of shoots 6.6 +0.022 and shoot length (cm) 2.61
+0.05. The synergistic effect of TDZ with auxin given more
effective result than alone TDZ. High response & multiple shoot
production was observed with TDZ+IAA when compared to
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alone TDZ used in Luffa acutangula (Yasodhara et al., 2016).
The MS medium enriched with 1.0mg /I TDZ and 0.6mg /I
NAA induced a more response (60%) with a 5.6£0.29 mean
number of shoots and shoot length (cm) 2.82 £ 0.25. Similarly
the combination of TDZ+NAA given better result in case of
Pterocarpus marsupium (Tippani et al., 2021).

Our study has proved that present results among the different
treatments of cytokinins and auxins used either singly or in
combinations, MS medium with BAP alone found highly
effective in shoot bud initiation and multiplication in Kedrostis
foetidissima. The MS-medium supplemented with cytokinin
alone (BAP) induced multiple shoot formation was observed in
nodal and hypocotyl explants of Lycium barbarum (Karakas,
2020), Bupleurum distichophylum (Karuppuswamy & Pullaiah,
2007), Marsdenia bruniana ( Ugraiah et al.,2010).

B. Invitro rooting and acclimatization of cloned plantlet

Well grown shoot lets were shifted to half strength MS
medium fortified with various auxins 1AA, NAA, and IBA (0.5-
2.0mg/l). After 3 weeks of incubation root formation was
observed. Varied response to the rooting in the auxins tested in
our study is shown in Table-1l. The data for percentage of
formation of roots per shoots recorded after 4 weeks. Shootlets
cultured in MS half strength medium with 1.0mg/l IBA
responded to maximum percentage (93%) with highest mean
number of roots 17.9+£0.31 (Fig-1D). However, the highest mean
root length (cm) 2.86+ 0.29. was achieved in IBA 2.0mg/l. Shoot
lets cultured on IAA 1.0mg/l have given maximum percentage
of response (90%) with optimum mean number of roots
15.1+0.36, maximum root length (cm) of 1.85+ 0.12. Shootlets
cultured on NAA 0.5, 2.0mg/I did not respond for rooting but in
1.0, 1.5mg/l of NAA roots were produced. IAA, IBA produced
thin thread like roots whereas NAA produced short thick roots.
IBA was more effective in induction of in vitro rooting of shoot
lets in Kedrostis foetidissima with highest mean number of roots
(17.940.3). Similar to these results 1.0mg/l IBA more effective
in rooting in Trichosanthes cucumerina (Devendra et a.l, 2008),
Coccinia grandis (Mohammad et al., 2020). In contrary to this
NAA proved effective in rooting in Philodendron bipinnatifidum
(Alawaadh et al., 2020), Momordica balsamina (Thakur et al.,
2011). But in Costus pictus 1.5mg/l IAA given higher rooting
response (Ahmed & Arunkumar, 2009).

The well-developed plantlets of Kedrostis foetidissima were
successfully transferred into mycups containing sand and black
soil 1:1 ratio (Fig-1 E). They were kept in an incubation room
for 2 weeks under 16/8 light and dark period. After that they
were shifted to green house with a survival rate of 75%. After 2
months hardened plants were shifted from greenhouse to field
with survival rate of 68% (Fig-1 F). The acclimatized plants
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were typical, healthy and morphologically alike to parent plants.

CONCLUSION

The results thus proved that auxiliary shoot buds of nodal
segments have the potential to regenerate and act as a source of
propagule for regeneration in a short span of time. The present
study provides reliable in vitro regeneration protocol from nodal
explants of Kedrostis foetidissima. Over exploitation of
medicinal plants will result in extinction of species in future. As
this plant is a potential source of phytoconstituents like
cucurbitacins, which has the capacity of anti-inflammatory and
anti-cancer properties. For sustainable production and
conservation of this plant, this standardized protocol could help
in in vitro regeneration of this plant.
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