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Abstract— Curculigo orchioides Gaertn. cell suspension 

culture was developed in liquid Murashige and Skoog (MS) 

medium significantly without any growth supplements. The 

secondary metabolite analysis was done in cells and their 

respective media at the time of each harvest. Secondary 

metabolite analysis was also done   of the in vitro and in 

vivo roots of C. orchioides. All extractions were made in 

RO water and methanol. Concentrations of phenolics and 

flavonoids in the in vivo roots were found to be the highest 

followed by decreasing trend in in vitro and 5, 10 and 15 

days old suspension cells. When analysis is done to estimate 

total production possibilities, it turns out that production of 

the phenolics and flavonoids are highest in suspension cells 

and least in the in vitro and in vivo roots. All estimations 

were done in the fresh samples. Analytical data of secondary 

metabolites of C. orchioides samples were compared with 

the Viagra salts – Sildenafil citrate and Tadalafil. It was 

observed to have the similar salts/perspective compound (if 

not identical) in all the Curculigo samples studied. Since C. 

orchioides known to be use as aphrodisiac, analytical studies 

of the extracts mentioned above was done using viagra salts 

– Sildenafil citrate and Tadalafil as standards. Our data 

shows positive conversions. Hence, processing and 

purification of these compounds with aphrodisiac properties 

from C. orchioides suspension cells should be possible and 

have economic feasibility. 

Key words: Curculigo Orchioides Gaertn., Medicinal Plant, 

Aphrodisiac, Secondary Metabolites, Glycosides 

ABBREVIATIONS 

Murashige and Skoog (MS),   

Reverse Osmosis (RO),  

Plant Growth Regulators (PGRs) 

High Performance Thin Layer Chromatography (HPTLC) 

I. INTRODUCTION 

Curculigo orchioides Gaertn. (Hindi: black musli) belongs 

to the family hypoxidaceae. It is a key member of the 

dasapushpa. Rhizome of C. orchioides is used as a 

rejuvenating and aphrodisiac drug (Thomas et al 2000, Joy 

et al 2001). The rhizome of C. orchioides is reported to 

contain glycosides (Dhawan, Saxena 1958, Xu et al 1992, 

Mamta et al 1995). Glycosides are considered to be one of 

the major pharmacologically active compound among drugs. 

Kubo et al (1983a) reported the presence of curculigoside 

(5-hydroxy-2-O-b-Dglucopyranosyl benzoyl-2, 6- 

dimethoxy benzoate) in C. orchioides and Yamasaki et al 

(1994) extracted it from the rhizome. The rhizome, as well 

as the tuberous roots of the plant has been extensively used 

in indigenous systems of medicine in India, Pakistan and 

China for the treatment of various diseases, including 

cancer, jaundice, asthma and diarthrosis wound healing 

(Dhar et al 1968). However, the most important use is due to 

its aphrodisiac property. The juice extracted from the 

rhizome has been used as a tonic to overcome impotency 

(Chopra et al 1956). The active compounds that have been 

reported are flavones, glycosides, steroids, saponins, 

triterpenoids and other secondary metabolites (Misra et al 

1984a, b, Misra et al 1990, Xu et al 1992). The plant is 

increasingly demand and constantly uprooted from forests. 

Due to over exploitation the plant approaches to an 

endangered. One is hence listed in this category. Therefore, 

there is a need to develop an alternative strategy to full-fill 

the ever increasing demand. Few of the known strategies are 

in-vivo cultivation, micropropagation, direct rhizogenesis 

and root organ culture. However, the development of cell 

suspension culture having ability for producing secondary 

metabolites is more ideal from the industrial/pharmaceutical 

point of view, because, the rate of growth of cell suspension 

biomass in many of the plants is faster than the naturally 

growing and micropropagated plants using semi solid media 

(Mehrotra et al 2007).  

In our previous study (Sahay, Braganza 2015) the 

callus was induced from the tuberous root explants in 8 

weeks on MS media fortified specified PGRs. Further sub-

culture of callus on the specified medium produced brittle, 

light brown protocorm like bodies. In the present study, 

these proliferated protocorm like bodies were crushed to 

make a homogenous cell suspension. The homogenous cell 

suspension was inoculated into full and half strength liquid 

MS media without any growth regulator. The suspension 

cultures were allowed to incubate under controlled 

environmental conditions such as light, temperature and 

relative humidity with continuous agitation to produce 

suspension cells. Growth pattern of the suspension cells 

were studied in full and half strength MS media. Cells were 

harvested three times in at 5 days interval upto 15 days. The 

highest cell growth obtained was on the 15th day in full 

strength MS medium.  

Analysis of secondary metabolites such as 

saponins, tannins, alkaloids, flavonoids, phenolics and 

glycosides from culture filtrate at different incubation period 

of growth were tested and compared with in vivo and in 

vitro C. orchioides root extracts using two different solvent 

systems – aqueous and methanol. Suspension cells biomass 

of C. orchioides roots developed in a short time-span (15 

days) contained secondary metabolites almost similar to in 

vitro (60 days old) and in vivo (365 days old) roots. The 

potential of these cultures to produce the metabolites of 

value is crucial to this approach.  Our system has high 

potential for the continuous production of secondary 

metabolites. This sustainable strategy would ensure 
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continuous and ample supply of this valuable 

material/secondary metabolites as per the demand.    

II. MATERIALS AND METHODS 

Surface sterilization and inoculation of explant to induce 

roots: C. orchioides plants were initially obtained from the 

nursery at Dadiapada village of Dist. Dang, Gujarat. The 

germplasm were maintained at the Greenhouse of Loyola 

Centre for Research and Development, St Xavier’s College 

campus, Ahmedabad, Gujarat, India. At the time of 

experiment, the tuberous roots were harvested from a fully 

grown one year old plant. The root materials were washed 

thoroughly under running tap water and teepol.  

Our experience shows that monsoon conditions 

favor contamination at different levels and hence surface 

sterilization is accordingly modified for effective 

preparation of explant material. Keeping this in view a long 

(4-5 hrs.) pre-treatment method was followed. . Tuberous 

root sections were excised and stored in a solution 

containing bavistin (0.1 %) and Tween 20 (0.1 %). In the 

laboratory, the excised root sections were kept for pre-

treatment (4-5 hr) in the same solution under sub-merged 

condition at an ambient temperature. The treated sections 

were washed thoroughly with RO (Reverse Osmosis) water. 

These explants were then taken inside the laminar air flow 

chamber where rests of the surface sterilization steps were 

followed under sterile conditions. Pre-treated root segments 

were washed thoroughly (2-3 times) with sterile RO water 

and transferred to the bavistin (0.5 %) and ampicillin (0.1 

%) solution for 20 min. with vigorous shaking followed by 

mercuric chloride (0.1 %) and streptomycin (0.1 %) solution 

for 10 min. with vigorous shaking. Between each step there 

was a thorough washing (2-3 times) with sterile RO water. 

After the surface sterilization steps, root sections were sliced 

from the margins where blackening had appeared due to 

mercuric chloride treatment. These sliced root sections of 1 

mm thickness and 0.5 cm in diameter, were inoculated on 

MS medium (Murashige, Skoog 1962) supplemented with 

PGRs, that support root induction (Sahay, Braganza 2015). 

The pH of the media was pre-adjusted to 5.7 prior to gelling 

with 0.8 % (w/v) agar-agar (Glaxo, bacteriological grade). 

20 ml of the melted media was dispensed into culture tubes 

(150 mm) and sterilized by autoclaving at 121oC, 15 lbs 

pressure for 20 min. The inoculated cultures were 

maintained in the culture room under a regime of 16 h 

photoperiod with 3000 lux white light intensity, 25oC 

temperature and 70 % relative humidity. All experiments 

were conducted at least three times with 10 replicates each. 

After 8 weeks, there were profuse hairy roots induced. 

Proliferation of protocorm like bodies: The 

proliferated multiple roots were excised, subjected to 

vertical cuts (~ 50 mm thick) and transferred to MS media 

supplemented with BAP, Kn and NAA (2.0, 0.1 and 2.0 

mgl-1 respectively). Brittle protocorm like bodies were 

formed after about one month of inoculation.  

Development of suspension cultures: The 

protocorm like bodies were incubated further for another 20 

days and then crushed in a sterile glass homogenizer along 

with liquid MS media to make a homogenous suspension 

(~2 ml). The homogenous suspension was filtered through 

sterile glass wool. 100 µl of suspension was inoculated into 

100 ml liquid MS media (full and half strength) without any 

PGRs in 250 ml of Erlenmeyer flasks. The cultures were 

incubated in the growth room with agitation on a shaker 

(BRIGHT) at 100 rpm to initiate suspension cells 

multiplication. After 3 days of inoculation, the suspension 

cells were obtained in clumps. They were further allowed to 

grow till 20 days. Increase in suspension cells size and 

change in colour from white to yellow was observed with 

increase in the incubation period.   

Preparation of extracts: Suspension cells were 

harvested on 5th, 10th and 15th days of incubation. Cells were 

washed with sterile RO water and soaked in a filter paper to 

remove the excess water content. 5 g of wet biomass of each 

of the cell samples were taken. Similarly, 5 g (fresh weight) 

each of 2 months old in vitro and one year old in vivo roots 

were also taken. Both in vivo and in vitro roots were washed 

thoroughly under running tap water followed by RO water 

to remove the soil particles and agar media adhering to the 

in vivo and in vitro roots respectively. Both roots were 

soaked in a tissue paper to remove the excess water. These 

five clean and partially dried samples, viz. suspension cells 

of  5, 10 & 15 days old ; in vitro and in vivo roots (5 g each) 

were homogenized in a mortar and pestle separately.  The  

sample paste were subjected to successive extraction with 

sterile RO water and methanol (50 ml each) The grounded 

samples with sterile RO water and methanol were taken in 

250 ml Erlenmeyer flasks and kept on agitation (100 rpm) at 

25 oC for 24 hours. Then homogenated samples were 

filtered through Whatman no. 1 filter paper. The filtrate was 

concentrated using rotary evaporator (Heidolph) set at 400C 

to reduce the volume upto 10 ml each. The concentrated 

aqueous and methanol extracts obtained were used for the 

secondary metabolite analysis. Extracts were stored at 40C.  

Analytical determination of Viagra salts in C. 

orchioides using HPTLC: Qualitative analysis of Viagra 

salts in C. orchioides was done using High Performance 

Thin Layer Chromatography (HPTLC). The HPTLC system 

(Camag, Muttenz, Switzerland) and analyzed by WinCATS 

software in MS Window. 

The chromatographic estimation was performed by 

streaking the extracts in the form of narrow bands, 6 mm in 

length, on the pre-coated silica gel 60 F254 Aluminium TLC 

plate (10 cm x 10 cm) (Merck). The bands were applied at a 

constant application rate of 150 µl/s and gas flow10 s/µl was 

employed with the help of a 100 µl syringe connected to a 

Nitrogen tank; using a Camag Linomat V (Camag, Muttenz, 

Switzerland).The space between two bands was 13 mm. 

Commercially available two Viagra drugs:  Sildenafil citrate 

(25 mg/tablet) and Tadalafil (10 mg/tablet) were used as a 

standards to compare the aphrodisiac property of C. 

orchioides. One tablet of Sildenafil citrate (25 mg) and two 

tablets of Tadalafil (20 mg) were dissolved in 1 ml sterile 

RO water separately. The aqueous extracts and standards 

were applied in the following order: 1) In vitro root; 2) In 

vivo root; 3) 5 days old suspension cells; 4) 5 days old 

suspension medium; 5) 10 days old suspension cells; 6) 10 

days old suspension medium; 7) 15 days ols suspension 

cells; 8) 15 days old suspension medium; 9) Sildenafil 

citrate; 10) Tadalafil. One band per extract (volume - 2 µl) 

was applied to the TLC plate. After spotting the plate; it was 

subjected to linear ascending development upto a distance of 

about 95 mm in the solvent system in Camag. The twin 

trough glass chamber was saturated with the solvent system 
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at room temperature, 10 min. prior to the process of plate 

development. Solvent system consisted of Toluene : Ethyl 

acetate : Methanol : Glacial acetic acid in the ratio of 7.5 : 

1.5 : 0.6 :2.2 v/v.  TLC plate was dried in an air current flow 

at room temperature. Densitometric scanning was carried 

out using Camag TLC Scanner III (Camag, Muttenz, 

Switzerland) in the absorbance mode of wavelength 200-450 

nm, with a slit dimension of 6.00 x 0.30 mm micro and 

scanning speed of 20 mm/s, data resolution 100 µm/step. 

The radiation sources utilized were deuterium and tungsten 

lamps. All remaining measurement parameters were left at 

default settings. The chromatograms were integrated and 

regression analysis and statistical data were generated using 

WinCATS evaluation software (Version 1.4.2.8121). After 

the scanning; images of the plate was taken at three different 

wavelengths of light (254 nm by UV lamp, 366 nm by 

mercuric lamp, 400 – 800 nm by white lamp) with the help 

of photo documentation system Camag, Reprostar III. 

HPTLC results of suspension cells and their respective 

media, in vivo and in vitro roots were compared with 

commercially available two Viagra salts - Sildenafil citrate 

and Tadalafil.  

Qualitative analysis of secondary metabolites: 

Analysis of secondary metabolites viz. saponins, tannins, 

alkaloids, flavonoids, phenolics and glycosides was done in 

each of these extracts as well as in the suspension media by 

using standard protocols (Daniel 1991). 

Quantitative analysis of Phenolics and Flavonoids: 

Quantitative analysis of phenolics and flavonoids was done 

in each of these extracts as well as in the suspension media 

by using standard protocols (Daniel 1991). 

III. RESULTS AND DISCUSSION 

Growth pattern of suspension cells in full & half strength 

liquid MS Media: Figure 1 shows the suspension cells of C. 

orchioides increasing in size and changing in colour 

formation from white to yellow with increase in incubation 

period. Such changes have been reported by many other 

researchers in some other plants (Young et al 2000, Sandal 

et al 2001). The liquid media allow close contact with the 

sub-merged tissues, which stimulate and facilitate the uptake 

of nutrient, leading to better growth. Also, continuous 

shaking of media provides ample oxygen supply to the 

tissues which ultimately leads to their faster growth. The 

change in colour from white to yellow was observed till the 

15th day of inoculation, which might be because of the 

accumulation of secondary metabolites. After the 15 days, 

no further change in colour and growth was observed. On 

the 20th day onwards, the colour changed to dark brown. 

 
Fig. 1: Growth pattern of suspension cells of C. orchioides 

in full strength MS media. Plate A) Cell size increased with 

increase in incubation period. Plate B) Color of the 

suspension cells changed from white to yellow to brown. 

Figure 2 shows the biomass production of 

suspension cells in 100 ml liquid MS media, full and half 

strength, without any PGR supplements. The suspension 

cells biomass production in full strength liquid MS media 

was almost double than in half strength liquid MS media. 

Few researchers have used various growth hormones 

supplemented with liquid MS media to enhance the growth 

of suspension cells of various plants. Nawa et al (1993) and 

Mori, Sakurai (1994) have found that 2,4-D (4.4 μM) 

increased the growth of Vaccinium ashei and Fragaria 

ananassa suspended cells, respectively. In another study 

conducted by Berlin et al (1986) on Chenopodium rubrum 

L., cell suspension was maintained on MS media 

supplemented with 2.2 μM 2,4-D for stable growth. 

Khaldoun et al (2005) have found that there were no 

significant difference in fresh weight of suspension cells of 

Saintpaulia ionantha Wendl between the control (without 

hormones) and treated (with hormone) measurements at 5, 

10 and 15 days old cell cultures except when 2,4-D was 

used at 4.4 μM and Kinetin was used at 0.5 or 2.3 μM 

concentrations. However, in terms of industrial application 

to minimize the total expenditure of producing suspension 

cultures, we omitted the hormonal supplementation in the 

liquid MS media. We have compared the suspension cell 

growth in half and full strength MS media. The results show 

that half strength liquid MS media had less suspension cell 

biomass in comparison with full strength MS liquid media. 

It was also observed that in both types of media, the lag 

phase had lasted 5 days before the onset of the exponential 

growth phase. In addition, the time for sub-culturing the 

cells into fresh liquid MS media was determined to be after 

15 days of inoculation. This is because the early stationary 

phase onset occurred at that time. Allan (1991) has reported 

that the best time to perform sub-culturing to be at the end 

of the exponential growth phase and early stationary phase 

of the cell growth. Furthermore, media become exhausted 

due to nutrient depletion during the stationary phase. Also, 

cells begin to accumulate toxic substances and growth 

inhibitors as reported by many researchers (Allan 1991, 

Bhojwani, Razdan 1983, Hopkin, 1995). 

 
Fig. 2: Suspension cell biomass of C. orchioides in full and 

half strength liquid MS media. 

A. HPTLC Analysis in C. orchioides:  

HPTLC chromatogram of ten samples viz. in vivo, in vitro 

roots, 5, 10 and 15 days old suspension cells and their 

respective suspension media and two Viagra salts – 

Sildenafil citrate and Tadalafil are shown in figure 3 at two 

wavelengths, 254 nm & 366 nm. Sildenafil citrate (25 

mg/tablet) with a trade name Pengera and Tadalafil (10 

mg/tablet) with the trade name Megalis produced by Zydus 

Fortiza and Macleods Pharmaceuticals Ltd respectively. 

These drugs are known for the aphrodisiac enhancement. 
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We used these two drugs as standard components with 

aphrodisiac property. Our aim was to check the presence of 

these two salts in the C. orchioides in vivo, in vitro roots, 

suspension cells and respective media. Chromatograms of 

the ten samples prepared in the aqueous extracts were 

compared on the basis of their retention factor (Rf). HPTLC 

results showed the presence of Sildenafil citrate and 

Tadalafil in the in vivo, in vitro roots, suspension cells and 

their respective media at a retention factors (Rf) of 0.77 at 

254 nm wavelength and 0.25, 0.27, 0.41, 0.46, 0.50, 0.62 

and 0.77 at 366 nm wavelength shown in figure 3. 

 

 
Fig. 3: HPTLC analysis of C. orchioides at two different 

wavelengths 

1) Samples: 1: 

In vitro root; 2: In vivo root; 3: S-cells (5-d); 4: S-medium 

(5-d); 5: S-cells (10-d); 6: S-medium (10-d); 7: S-cells (15-

d); 8: S-medium (15-d); 9: Sildenafil citrate(25 mg/ml); 10: 

Tadalafil (20 mg/ml). (Sampling sequence read from lower 

to upper graph line).  

B. Qualitative Analysis of Secondary Metabolites: 

Qualitative analysis of secondary metabolites in aqueous 

and methanol extracts of in vivo, in vitro roots, 5, 10 and 15 

days old suspension cells and their respective media are 

shown in Table 1. Both aqueous and methanol extractions 

were made in in vivo, in vitro roots and 5, 10 and 15 days 

old suspension cells under cold conditions (25 oC). 

Respective suspension media were used as it is for the 

qualitative determination of secondary metabolites. The 

qualitative investigation revealed the presence of saponin, 

tannin, alkaloid, flavonoid, phenolic and glycosides. The 

percentage yields of secondary metabolites in aqueous 

extracts were found to be more as compared to methanol 

extracts. All observations were made as per the color 

formation in each test that has been mentioned in the 

standard protocols (Daniel 1991). Wherever, the color 

formation was not observed, the extract for that particular 

test was considered as negative. All extracts were viewed 

under ordinary light and UV light having wave length of 

254 nm & 366 nm. Aqueous and methanol extracts showed 

the presence of glycosides and alkaloids in high 

concentration followed by saponins. Phenolic compounds 

are present in higher concentration than flavonoids. The 

presences of organic constituents are considered to be 

responsible for therapeutic action. These values indicate the 

nature of the constituents present in a crude drug. There 

were almost double the amount of all these secondary 

metabolites present in the in vivo roots as compared to in 

vitro and suspension cells and their respective media. 

Alkaloids, flavonoids and glycosides were found to be 

present in 10 and 15 days old suspension cells. The results 

indicate the high secretion of metabolites from suspension 

cells into the media occurred up to the midpoint of 

exponential phase. However, in the late stage of exponential 

phase, most of these secondary metabolites consumed by the 

growing suspension cells or may break down into other 

form. 5 days old suspension cells and its respective media 

did not show any secondary metabolite production shown in 

table 1. 

Sample Extract Saponins Tannins 
Alkaloids 

Flavonoids Phenolics Glycosides 
Mayer Wagner Dragendorff 

Aqueous Extract 

1 In vivo Root. ++ - ++ +++ ++ ++ ++ +++ 

2 In vitro Root + - + ++ + ++ +++ +++ 

3 S-Cell-5d - - - - - - + - 

4 S-Cell-10d - - - - - - + + 

5 S-Cell-15d + - + + + ++ ++ ++ 

6 S-Med-5d - - - - - - - - 

7 S-Med-10d - - - - - - - - 

8 S-Med-15d +++ - + + + ++ +++ ++ 

9 
MS 

Medium* 
- - - - - - - - 

10 RO Water* - - - - - - - - 

Methanol Extract 

1 In vivo Root. - + ++ - - + +++ + 

2 
In vitro 

Root. 
- ++ ++ - - ++ ++ ++ 



Cell Suspension Culture and Secondary Metabolite Production of Curculigo Orchioides Gaertn. - An Endangered Medicinal Plant 

 (IJSRD/Vol. 3/Issue 11/2016/063) 

 

 All rights reserved by www.ijsrd.com 278 

3 S-Cell-5d - - + - - - + - 

4 S-Cell-10d - - ++ - - - ++ - 

5 S-Cell-15d - - ++ - - ++ ++ ++ 

6 MS Med. - - - - - - - - 

7 Methanol* - - - - - - - - 

Table 1: Determination of secondary metabolites in aqueous & methanol extracts. 

* MS medium, RO water and methanol were used as a control. 

C. Quantitative Estimation of Phenolics Contents:  

Many researchers (Kubo et al 1983b, Saba et al 2006) have 

reported that ‘curculigoside’ is an active compound present 

in the rhizomes of C. orchioides; responsible for its 

aphrodisiac property. Chemically, curculigoside is a 

phenolic glucoside (Mathew et al 2005). Therefore, we 

estimated the phenolics in various samples of C. orchioides, 

so that we can reflect the productivity of curculigoside with 

respect to time in all the samples tested. Table 2 showed the 

total phenolic compounds present in aqueous extracts. 

Catechin was used as a standard. Our results shown that in 

the aqueous extracts, in vivo roots were having highest 

amount of phenolics, 12.4 mg/g followed by in vitro roots, 

9.6 mg/g. Whereas, 5, 10 and 15 days old suspension cells in 

full and half strength liquid MS media, the phenolic content 

was in the range of 5.2 – 6.2 mg/g. In methanol extracts, in 

vivo and in vitro roots were estimated 7.3 and 7.2 mg/g 

phenolics respectively and 5, 10 and 15 days old suspension 

cells in full and half strength liquid MS media, the phenolics 

were recorded in the range of 5.4 to 6.5 mg/g. (Table 3). 

Suspension media in full and half strength liquid MS media 

were shown to have the phenolics in the range of 0.5 to 0.6 

mg/ml (Table 4) which is comparatively less than 

suspension cells.  It was also observed that full strength MS 

media were recorded to have marginally more amount of 

phenolics than half strength in all tested extracts. Aqueous 

and methanol extracts used to test the phenolics suggested 

that the plant has the capability to produce these valuable 

compounds under natural as well as in controlled micro-

environmental conditions that include chemical constituents 

of MS media, light irradiation and temperature. Therefore, it 

can be suggested that the production level of these 

secondary plant products could be enhanced via adjusting 

these chemical and physical conditions to meet the optimal 

requirements. Our results confirmed the production of 

secondary metabolites of aphrodisiac property in cell 

suspension culture of C. orchioides. 

Sr. No. Sample Name 
Age 

(Days) 
Mean OD  ± SD 

Conc. in mg/ml 

(5g Susp. cells / 50 ml Solvent) 

y = 0.4348 x + 0.5139 

mg/5g mg/g 

1 In vivo Root 365 1.659 ± 0.015 1.235 61.762 12.352 

2 In vitro Root 60 1.013 ± 0.004 0.954 47.718 9.544 

3 Full Strength 5 0.057 ± 0.001 0.539 26.934 5.387 

4 Full Strength 10 0.103 ± 0.005 0.559 27.934 5.587 

5 Full Strength 15 0.248 ± 0.009 0.622 31.087 6.217 

6 Half Strength 5 0.025 ± 0.002 0.525 26.239 5.248 

7 Half Strength 10 0.074 ± 0.001 0.546 27.304 5.461 

8 Half Strength 15 0.206 ± 0.006 0.603 30.173 6.035 

Table 2: Determination of Phenolics in Aqueous Extract 

Sr.  

No. 

Sample  

Name 

Age of Cells 

 (Days) 
Mean OD ± SD 

Conc. in mg/ml  

(5g Susp. cells / 50 ml Solvent) 

y = 0.4348 x + 0.5139 

mg/5g mg/g 

1 In vivo Root 365 0.503 ± 0.013 0.733 36.630 7.326 

2 In vitro Root 60 0.479 ± 0.036 0.722 36.108 7.221 

3 Full Strength 5 0.120 ± 0.031 0.566 28.304 5.661 

4 Full Strength 10 0.169 ± 0.015 0.587 29.369 5.874 

5 Full Strength 15 0.331 ± 0.106 0.658 32.891 6.578 

6 Half Strength 5 0.066 ± 0.021 0.543 27.130 5.426 

7 Half Strength 10 0.079 ± 0.011 0.548 27.412 5.482 

8 Half Strength 15 0.193 ± 0.072 0.598 29.891 5.978 

Table 3: Determination of Phenolics in Methanol Extract. 

Sr. No. 
Sample  

Name 

Age 

(Days) 
Mean OD ± SD 

Conc. in mg/ml 

(5g Susp. cells / 100 ml Susp. Med)  

y = 0.4348 x + 0.5139 

1 Full Strength 5 0.179 ± 0.002 0.592 

2 Half Strength 5 0.081 ± 0.004 0.549 

3 Full Strength 10 0.263 ± 0.06 0.628 

4 Half Strength 10 0.146 ± 0.012 0.577 

5 Full Strength 15 0.402 ± 0.044 0.689 

6 Half Strength 15 0.149 ± 0.010 0.579 

Table 4: Determination of Phenolics in Suspension media 
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Several reports prove the aphrodisiac property of 

C. orchioides root extract tested on animals e.g. rat 

(Chauhan et al 2007, Chauhan, Dixit 2007, Thakur, Dixit 

2007, Thakur et al 2008&2009). The plant is annual in 

nature; therefore, we can get the roots once a year when 

plant is active. Tuberous roots take about one year to 

mature. Recently, we have reported production of 

micropropagated C. orchioides tuberous roots in 2 months 

(Sahay, Braganza 2015). 

In the present study, suspension cells growth and 

multiplication were enhanced in liquid MS media without 

any hormonal supplement on 3rd day of inoculation which 

lasted till the 20th day. We have harvested the suspension 

cells at 5th, 10thand 15thday of incubation. These suspension 

cells contained secondary metabolites, which can be 

comparable with in vivo and in vitro roots with respect to 

production time. Therefore, in terms of economic 

importance, the suspension cells proved to be the best 

choice than in vivo and in vitro roots. We can get a very 

high amount of secondary metabolite from the C. orchioides 

suspension cells within a short span of time, i.e. upto 15 

days and produce thousands times more in the same time 

span in which in vivo (365 days) and in vitro (60 days) roots 

can produce.  

Although, plant-derived chemicals have been 

extracted from in vivo grown plants for a long period of 

time (Pierik 1987) but the general trend now is to produce 

these secondary metabolites via in vitro culture techniques 

on semi solid media for a number of reasons (Stafford 1991, 

Hopkins 1995, Smith 1996). However, in vitro propagation 

using semisolid media is typically a labor intensive time 

consuming means of clonal propagation. To overcome this, 

the use of shake cultures utilizing liquid culture medium has 

been promoted. The preparation of liquid medium and 

handling of shake cultures is easier as compared to the semi-

solid one. The supply can be in a continuous mode in a 

bioreactor. In the present study, the presence of phenolics in 

the in vitro roots and suspension cells of C. orchioides 

suggested that the tuberous roots as well as the suspension 

cell culture has the capability of producing these valuable 

compounds with aphrodisiac properties even under 

controlled environmental conditions. However, after 

considering all the advantages of maintaining cell 

suspension cultures as compared to in vitro 

micropropagation, the cell suspension culture technique 

should be promoted. The production level of secondary 

metabolites could be enhanced via adjusting the chemical 

and physical conditions to meet the optimal requirements. 

Certain merits of production cell suspension technique are 

helpful in proving one of the important methods for cost 

reduction during micropropagation. 

IV. CONCLUSIONS 

C. orchioides tuberous roots have high medicinal values as 

aphrodisiac. In this study, a successful protocol was 

established for the development of cell suspension culture of 

C. orchioides and the production of its secondary 

metabolites. Our results clearly indicated that from 

commercial point of view, the development of suspension 

cells are the best choice for the secondary metabolites 

production in comparison to in vivo and in vitro roots of C. 

orchioides. Several investigations are still needed to study 

the influence of various chemical and physical factors on the 

productivity of phenolics and other secondary metabolites in 

cell suspension culture so that we can commercialize this 

remarkable and promising venture of plant tissue culture to 

fulfill the public demand. 
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