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ABSTRACT

An efficient procedure has been developed for satduction and indirect organogenesis of Cucunmiguaia L.
Seedlings were grown under in vitro conditions aatbction was carried out between the leaf and hedgments
for the explants in the seedlings. Different partarglike the explant source, hormones and sugaese checked
for the optimization of cultures. Leaf explants ethshowed the maximum response to callus indu¢li®i9%) was
thus, selected for the study. MS medium supplechevite 4.0 mg I* 2,4-D and 4.0 mg £ NAA proved to be the
most efficient hormone in promoting callus develeptrfrom the leaf explants with 42.0% response aad the
most favorable medium. Apart from the type of expland growth regulators, different sugars and thei
concentrations were also checked for the inductibrrallus. 3% glucose produced highest rate ofusalh the
culture. In response to MS medium with 3.0 MgBIAP and 0.5 mgt Kn, best response of shoot induction was
evoked with an average number of 5.0240.76 shoetscpllus. In vitro regenerated shoots (3.0 cm longre
excised aseptically and implanted on MS half stifergedium fortified with 3.0 mg*INAA and 2.5 mg LIBA.
Following initial hardening for four weeks, the ted plantlets were successfully acclimatized irs maintaining
sterilized soil and sand mixture (1:1) with 75%\sual rate in the field conditions. The protocolopides a basis
for germplasm conservation and for further invesstign of bioactive constituents of this medicinir.

Keywords. Cucumis anguriaMedicinal plant, Callus induction, Shoot proldéon, Indirect organogenesis.

INTRODUCTION

Cucumis anguria_., also known as West Indian gherkhin and beloggb the family cucurbitaceae, is a highly
nutrient vegetable with traditionally medicinal ptamainly cultivated and consumed in Afridarazil, Cuba, India
United States and Zimbabwe [15]. This species tziwng increasing attention as it is commonly used
indigenous and traditional folk medicine systemeesly in Asia and Africa. The fruit of the vegbta contains
high amounts of protejrecalcium phosphorousiron and vitamin C [29]. The plant is also knowm fts usage in
traditional system of medicine to treat stomacheagdundice hemorrhoids and preventing stone formation in
kidney [2] [22].C. anguriaconsist of many useful compounds such as flaventaening alkaloids saponins and
steroids which contains high levels of antioxidantivity [8]. Phytochemists have isolated a numbkpotential
medical components fronC. anguria, such as cucurbitacin ,Bcucurbitacin D and cucurbitacins G [24].
Cucurbitacins B have the potential to be used ava@rable phytochemical for cancer prevention. Aatjuinones
and saponins which are presentGn anguriaare used for antibacterial and antifungal actidtainst clinical
pathogens [23]. The roots of this plant are a sofgharmaceuticals, agrochemicals, flavors, diyagrances and
many other special chemicals.

Due to continuous overexploitation, this plant basome extinct and there is a danger of losing gkersm of these
important bio-resources. There is also an urgeetrfer the conservation and rapid propagation & piant.
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Medicinal plant cultivations are being considersdaa alternative to agricultural processes for peody valuable
phytochemicals. Since many of these products a@@rad by direct extraction from plants grown inunal habitat,
several factors can alter their yielah vitro culture has become an alternative for the prodoctif secondary
metabolites. The development of ianvitro culture system would offer unique opportunities gooducing drugs in
the laboratory without having to depend on fieldtigation (Sudha and Seeni, 2001) as the systers egplants
from mature field grown plants. Developmentiofvitro procedures helps in establishing tissues for gdasnp
conservation, rapid propagation and for secondagtabolite production to meet the vastly increasieghand of
therapeutic and other industries.

This experiment was carried out to study the grovesponse of leaf and nodal explants@fanguriaunder
different combinations of plant growth regulatorslarin vitro conditions and for the development of a protocol fo
production of plants with the objective of facititeg healthy seedlings to gherkin growers and tmelffie
conservation and regeneration of this importanbiaxX he present study reports a very simple andhiel protocol
for initiation, multiplication and elongation of @bt and rooting of gherkhin viadirect organogenesis from healthy
leaf explants to meet these objectives.

MATERIALSAND METHODS

Plant M aterial

The present work was carried out at Jamal Mohamelte@e, Tiruchirappalli, India. Seeds 6f anguriawere
purchased from Nunhems Seeds Pvt., Ltd., Bangdiuodeg. Different concentrations of sugars and hares were
assessed in separate experiments using factosajrdplot with 20 replications to decrease the reard enhance
accuracy.

Surface sterilization

The seeds were soaked in tap water for 1 h andesasfth 10% (v/v) commercial detergent Tween 201formin

followed by 3 rinses with distilled water. Seedsevlurther disinfected with 0.1 % (w/v) mercuridatide solution
for 5 min and rinsed 5 times with sterile distillaciter to remove traces of mercuric chloride. Hjnahe seeds
were blotted dry on sterile Whatmann No.1 filtepga Disinfected seeds were placed in test tubgs<(250 mm)
containing sterile moist cotton and plugged tightith non-absorbent cotton and placed in dark &yngnation.

Culture conditions

Stock solutions of MS media used in this study waepared by dissolving the constituents of salfy and vitamin
solution in 1L of distilled water and kept in dar&tored bottles in a refrigerator [17]. The mediarev further
augmented with various concentrations and comlminatof growth regulators namely BA&nd IBA. The medium
pH was adjusted to 5.7 before solidifying with @7(w/v) agar. The melted medium was dispersed5otonL test
tubes at 10 mL per tube and plugged with non-alesdrbotton. Culture tubes containing the media weiteclaved
at 121°C for 20 min with 15 Ibs pressure. Explantre inoculated on the culture medium containingoue

growth hormonal combinations and transferred tocavth room for maintenance at 20 + 2 °C and 16 dt@beriod
and 8 h dark period. Light was supplemented usihigewfluorescent tube at a photosynthetic photar @lensity of
40-45umol m*sec’.

Callusinduction

Effect of growth regulators and explant type

Various concentrations of the hormone solutionsewprepared and added to the culture medium. Twelve
combinations of growth regulators which included-B, and NAA separately and combined with each othere
tested. Leaf pieces (16~25 rhsurface area) and nodal segments (6 mm length) ddy-old sterile seedlings were
used as explant type. Calli were harvested and heéigor fresh weight determination. All the expkntere
maintained for 3 weeks in a growth room at 22 °Q@%7humidity and 16 h light photoperiod provided ¢nid
fluorescent lamps.

Effect of sugar types and concentration

The hormone regime which showed the best callogemedential expression was retained to study ffecieof
sugar type on callogenesis. Six sugars (glucogetdse, galactose, maltose, sucrose and sorbién§ tested in the
study. Six different concentrations of the sugaiciitould promote callus production (1%, 2%, 3%,, 8% and
6%) were also tested to identify the level of suddrthe explants were incubated in ErlenmeyesKi under the
same culture conditions. Over 4 week’s period aibidity of the seedlings to develop callus on thexe media was
observed.
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Plantlet establishment

Small bits of calli were excised from 20-days oldles cultures and cultured on MS medium supplea@mtith
BAP (1.0-5.0 mg [}) in combination with Kn (0.5 mgt) for multiple shoot induction. The shoots obtairiezm
the callus were transferred on to fresh mediums8gbentlyshoots elongated were repeatedly sub-culturede th
week intervals on the same media for further sletmigation and proliferation.

Elongated shoots (>2cm) that possessed approxyndtelompound leaves were cultured on half-strerigh
medium with supplemented with NAA (1.0-5.0 mg)Land IBA (0.5-2.5 mg t). Well developedn vitro rooted
plantlets were removed from the culture medium #radresidual agar were removed by washing the rooder
running tap water followed by transferring themptastic cups containing garden soil and steriledsarthe ratio
1:1. The cups were covered with polyethylene bagsk lkept inside the tissue culture room to maintaimidity
condition. The plantlets were maintained under Higimidity for 4 weeks by spraying liquid half stgth MS
medium every alternate day. They were slowly weateedower humidity by making small holes around the
polyethylene bags of potted plantlets for a peraddfurther 4 weeks. The plantlets were transfertedpots
containing garden soil with organic manure and kapthe green house condition for another 4 wedélisthe
surviving plants were transferred to green houseelmyoving the polyethylene bags before exposingthte the
experimental field under natural conditions.

Statistical Analysis

All the experiments described above were conduictedcompletely randomized design and repeatecetviiteans
and standard error of means for all dependent Masasuch as callus induction, shoot regenerasibopt number
and shoot length under different plant growth ratard concentrations were computed and determined th
significant differences between means using DMRT.

RESULTS AND DISCUSSION

Initiation and Establishment of cultures
Mature seeds of. anguriawere germinated undén vitro conditions. From the 7-days oid vitro seedlingsleaf
pieces and nodal segments were excised and ussglast source.

Effects of exogenous plant growth regulators on callus formation

Green compact were induced when low concentratiisO and 2.0 mg 't of 2,4-D was used. With more than 2.0
mg L* 2,4-D, only yellow friable callus was formed. Onllge green compact callus was able to regenerate
adventitious shoots after being transferred toedéffitiation medium (Table 1). Calli were succes$gfuenerated in
all the media containing 2,4-D and NAA alone andalh combinations of two months after inoculatidrhis
indicated that exogenous hormone was essentialllioscformation ofC. anguria The exclusive presence of NAA
in the medium, regardless of its concentration, lgas satisfactory for callus initiation in compam with 2,4-D.
However, in the presence of 2,4-D, the culturestaiaing corresponding concentrations of NAA showégher
callus weight in a range from 0.51 g to 0.83 g F&Y @xplant and higher response from 29.0% to 44 D&ble 1).
This phenomenon suggests that 2,4-D played a mgveriant role in callus formation from leaf explebmpared
to NAA.

The combinations of auxin and cytokinin were foundoroduce more callus than auxin or cytokinin alo®ur
results show that 2,4-D and NAA was most effective callus induction. The combination of 2,4-D andAN
induced high callusing frequency at all concenbragi studied. A combination containing 2.0 mi§2,4-D and 2.0
mg L' NAA proved to be most efficient in promoting calldevelopment from leaf explants with 42.0% resppns
followed by 1.0 mg [} 2,4-D and 2.0 mg £ NAA and then 3.0 mg t 2,4-D and 2.0 mg £t NAA. In addition,
most of the cultures containing 2.0 mg 2,4-D and 2.0 mg £ NAA produced green compact calli, which initiated
at cut surfaces of the explants after 54 and 58 d&ynoculation respectively and proliferated dlyc However,
cultures with NAA only resulted in more friable kand white roots germinated from those compadit aéier 75

of cultivation. This observation was similar toloaldevelopment dfiolostemma adakodidi6]. These rooty calli
did not regenerate shoots on MS medium containiagTBis is in agreement with an earlier report aitshgrasss
that highly rooty calli cannot regenerate shools /At low concentration (1.0 mg1), NAA only resulted in root
formation from the midrib. With increased NAA comtgtion, roots were also induced from cut edgeseaf
explants and the rooting rate as well as root nunplee explant increased. The roots, however, grewlg at
increased NAA concentration. The effect of NAA iontbination with 2,4-D on callus induction was sadliby
increasing 2,4-D concentration while NAA was keptstant, with the result that the rooting rate e#flexplants
decreased. It is obvious that 2,4-D inhibited rdevelopment induced by NAA and induced callus. Tikisn
contrast with the study in ‘Knnow’ mandarin afd reticulatawhere NAA was better in inducing embryogenic
callus, while 2,4-D only induces non-embryogenid démable callus that cannot regenerate shootsl(§][Callus
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induced from the stems &f. grandiscould regenerate shoots on differentiation mediwtrile the morphogenetic
pattern of callus tissue shifted from shoot budedéntiation to embryogenesis during prolongeduralon medium
containing 2,4-D and NAA. It was suggested that2,4nd NAA have different roles on callus inductitor
various species as well as at different culturgesd6]. In the present study, we have shown tiaD2is better than
NAA in inducing regenerative callus.

Table1: Callusinduction in C. anguriain M S medium supplemented with 2,4-D and NAA

Concentration inmgL™ Explants No. of daysfor callusinduction  Percentage of callogenesis Texture  Colour

, ” Leaf 60 326 cP GR
M1:1.0 mg L°2,4-D Node 65 28.3 cP GR
, ’ Leaf 66 356 cP GR
M2:2.0 mg L 2,4-D Node 73 30.5 cp GR
, ” Leaf 64 302 FL YL
M3:3.0mg L 2,4-D Node 68 26.9 FL YL
_ " Leaf 69 293 FL YL
M4:4.0mg L 2,4-D Node 74 25.4 FL YL
_ ’ Leaf 75 24.0 FL YL
M5: 1.0 mg L'NAA Node 79 21.9 FL YL
_ ’ Leaf 72 286 FL YL
M6: 2.0 mg L NAA Node 76 24.4 FL YL
_ ’ Leaf 70 23.0 FL YL
M7:3.0mg L NAA Node 74 21.0 FL YL
, ’ Leaf 67 218 FL YL
M8: 4.0 mg L" NAA Node 71 205 FL YL
M9: 1.0 mg L* 2,4-D Leaf 61 385 cP GR
+2.0 mg L:NAA Node 65 34.2 cP GR
M10: 2.0 mg '2,4D Leaf 54 420 cP GR
+ 2.0 mg [*NAA Node 58 39.8 cP GR
M1l 3.0 mg ['2,4D Leaf 59 340 cP GR
+ 2.0 mg [*NAA Node 63 31.0 FL YL
M12: 4.0 mg C2,4-D Leaf 61 29.0 FL YL
+ 2.0 mg [*NAA Node 63 25.0 FL YL

CP: Compact; FL: Friable; GR: Green; YL: Yellow;

Table2: Effect of sugarson C. anguria callus culture

Sugar type Percentageof response  Texture Colour

Glucose 90 CP GR
Fructose 85 CP GR
Sucrose 80 CP YG
Galactose 40 CP YG
Maltose 40 CP BR
Sorbitol 30 CP BR

CP: Compact; GR: Green; YG: Yellowish green; BRoBn

Table 3: Effect of glucose on C. anguria callusculture

Glucoselevel (%) Percentage of response  Texture  Colour

1 10 CP GR
15 CP GR
3 30 CP GR
4 40 CP GR
5 25 CP GR
6 15 CP GR

CP: Compact; GR: Green

Effects of different types of explantson callusinduction
Explant type and probably its anatomical strucegems to play a significant role in callus initatiin C.anguria
The two explants were placed on MS medium withhitienones for 3 weeks of culture. The callusing different
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among the two explants, with leaf callus giving thighest percentage (42%) and the nodal explamtsgy39.8%
(Table 1). Variation in callus forming ability offtérent explant types has been reported in mahgrstplants [11],
[30]. The results obtained indicated that leaf arf were more suitable for callus inductiorCofanguriathan the
nodal explants. Owing to the capacity of highelusatlormation, hence, leaf calli were used forHertexperiments.

Table 4. Multiple shoot induction in C. anguria

BAP KIN Mean no. of shoots  Shoot length

10 05 5.60 3.85+1.1
20 05 7.00 6.32+1.2
3.0 05 8.70 5.27+1.3
40 05 7.20 4.58+1.4
50 05 6.10 3.89+1.8

Table5. Root induction in C. anguria

NAA IBA Meanno.of roots Root length

1.0 0.5 5.76 3.23+0.25
2.0 1.0 8.70 3.97+0.86
3.0 15 10.1%5 4.29+0.25
4.0 2.0 8.20 3.75+0.28
50 25 6.45 3.31+0.25

Effect of sugarson in vitro callusinduction

Sugars influence cells proliferation and differatibn [27]. However, sugars do not have the sanfiectsf on
callogenesis. The present study shows that theeptrge of callus induction is more significant wglucose
followed by fructose. The callus initiated on magifrom leaves and obtained yellowish green in rcalod
embryogenic which later turned green. After remafahe mother tissue on the first subculture,dhkus could be
maintained without any morphological changes onyrsrbcultures each spanning 3 weeks. Sucrose iméagum
supported the growth of yellowish green callus.a8tdse in the medium also gave rise to yellowigtegrcoloured
calli for which it was necessary to subculture raéieery 20 days as the calli growth deceleratedbigd showed
the lowest trendThe trend in the callus in the maltose and solrfiitdified medium showed a gradual darkening of
the callus which became intense and turned int& daown probably due to the production and oxidataf
phenolic compounds released by the tissue finaliging to the cessation of growth (Fig.1la-f; Tale

These results are comparable with those showingglbaose produce green and voluminous callus coedpto
other sugars [31]. The beneficial effect of glucosecallogenesis has also been mentioned in mamgg[4], [11],
[12], [13], [26]. Glucose is indeed the assimilafedm of sugars by plant cells and the most impurtource of
energy production [21]. Fructose is also an asatedl sugar by plant cells but its reactivity sedmbe less
compared to glucose. Sucrose is an important bicdbgeservoir for the two previous cited sugargci®se is an
analogous of glucose as regards to the physico-ichéproperties but, with a low reactivity. An aagitedium (pH
5.8), hydrolyses this sugar and breaks it into ggecand fructose which are assimilable by plars.c&here was
probably a competition between these two sugarshigir assimilation by the cells that makes suctese active
and consequently less auspicious to callogenedizanguria The results of the present study show that maltos
and sorbitol have no beneficial effect on calloggsiebecause these two sugars are in non-assimifalohs by
plant cells. We found that glucose medium inhibibedwning in agreement with works of some reseasc#b5].
Glucose resulted in less browning and better catirdiferation. Consequently, glucose was the sughich
induced the better response to callogenedizamguria

The results in the study indicate that there wemméndous variations in callus initiation underfediént
concentrations of glucose. Several types of callese distinguishable based on the physical appearander
different levels of glucose (Table 3). 1 and 2%ghfcose in the medium brought an identical trendahus type
with nearly 10 and 15% of the explants producingegrand compact calli. 30% of the cultures with &%glucose
gave green compact callus with no necrosis. Howe¥@fo of the cultures responded when the medium
supplemented with 4%lucose supported the growth of green compact allhis glucose level seems to have
provided an adequate osmotic pressure that wouldipabsorption of mineral nutrients presents irdiam which
according to several authors are essential to gedleth [3], [20]. When the amount of glucose sappénted in the
MS medium was increased to 5%, there was a deilitee response of the cultures to 25% and thaizallas
found to be green friable and browned. Nearly 15%adius induction was seen when MS medium fordifigith
6% of glucose was us@tthe medium. These morphologic observations hegacteristic of embryogenic structure
induction according several authors [19], [28].
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Fig 1. Callus induction in C.anguria under different types of sugars
in MS medium (Murashige and Skoog medium, 1962) a. Glucose;
b. Fructose; c. Sucrose%; d. Galactose; e. Maltose; f. Sorbitol
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y
Fig 2. Plant regeneration from callus derived from in vitro cultured leaf

segments of C. anguria. a. Leaf explants from in virro raised seedlings;
b. Callus induced MS + 2.0 mg L' 2,4-D & 2.0 mg L' NAA: c. Multiple
shoots induced on MS+3.0mgL" BAP & 0.5mgL"' Kn; d. Shoot

elongation on the same media; e. Rooting on MS + 3.0 mg L” NAA & 2.5

mg L IBA; f. Acclimatized plant

M ultiple shoot induction, proliferation

The callus obtained with optimum concentrationglatose (Fig.2b) was subcultured on the media aun;BAP

in the range 1.0-5.0 mg™land Kn at 0.5 mg LA variety of responses were observed which inadueehanced
shoot proliferation (Fig. 2c & 2d; Table 4). Thesbenultiple shoot induction was observed after agsdfrom the
peripheral regions of the explants. BAP at its 8§ L™ concentration along with 0.5 mg'LKn evoked best
response with an average number of 8.70 shootsanihgth of 6.32+1.2 cm. When BAP was decreasédtang
L along with 0.5 mg L, an average number of 7 shoots with a shoot lep§th.27+1.3 cm was produced.
Incorporation of BAP at 1.0 mg“Lalong with Kn initiated bud proliferation but tishoots remained stunted.
Higher concentrations of BAP brought a decreaskoith the number of shoots and the shoot lengthotShafter
their initial proliferation on medium containing®3mg L* BAP and 0.5 mg E Kn were sub-cultured on the same
fresh medium after every 21 days to initiate sledohgation and proliferation of multiple shoots.

The results are in complete agreement with anegastudy in which BAP was responsible for shootatgbn in
Ctenolepis garciniwhen 2.0 mg [* BAP was used in MS medium [1]. In another studyximam number of
indirect (callus interspersed) regeneration of ipldtshoots (9.0+0.5 shoots per explant) from Egflants on MS
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medium enriched with 2.51M BA alone in Momordica cymbalaria[18]. Similarly, the maximum shoot
regeneration through the calli obtained from hygiglcand proximal explants were obtainedGdncurbitapepoin
the medium that included 0.5 mg' BAP and 1.0 mg tKn [5]. The synergistic effect of kinetin and BAfRings
about effective shoot induction from the calluseiresent study has attempted to bring the sareeteff

Rooting and Acclimatization

Full or half strength MS medium without any PGR didt support the rooting of regenerated shoots. éVaw
shoots were capable to induce root when culturednedium containing auxindn vitro regenerated shoots
produced roots when they were cultured on MS medartified with NAA and IBA. Maximum rooting was gen
on MS medium with 3.0 mg'tNAA and 2.5 mg [* (Table 5; Fig. 2e).

Total nine rooted plantlets were transferred fiarmitro to in vivo conditions and successfully acclimatized in pots
containing sterilized garden soil and sand mixi{ird) in small PVC cups (120 mL volume) under giemuse
conditions for 8 weeks. Survival rate was 75% urfadd conditions which was calculated after 4 \&¢Fig.2f).
The plantlet grew successfully into normal pland@mnatural conditions.

CONCLUSION

In vitro propagation of West Indian gherkhin provides eeteladvantages over traditional propagation, iticig a
high multiplication rate, physiological uniformitihe availability of disease-free material all tresar round, rapid
dissemination of new plant materials throughout therld, uniformity of shoots, short harvest intdnia
comparison with conventional plants, and fasterwginoin the early growing stages compared to coneaat
materials. The protocol raised in the present gitesould be used for the massivevitro production of plantlets
from gherkhin. The manipulation of culture conditsousing various combinations and concentrationgroith
hormones and other adjuvants can provide a repitoléuprotocol and reduce the high costs of plamdpction
through vegetative means. Consequently, it will tméme pharmaceutical requirements besides strenigipe
solidarity to the increasing concern to consenadiviersity through preservation of germplasm os thiedicinal
shrub.
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