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Abstract

Background: Gloriosa superba produces an array of akaloids including colchicine, a compound of interest in the treatment of various diseases. The
tuber of Gloriosa superba is a rich source of colchicine which has shown anti-gout, anti-inflammatory, and anti-tumor activity. However, this
promising compound remains expensive and Gloriosa superba is such agood sourcein global scale. Increasein yield of naturally occurring colchicine
isan important area of investigation.

Materials and Methods: The effects of inoculation by four arbuscular mycorrhizal (AM), fungi, Glomus mossae, Glomus fasciculatum, Gigaspora
margarita and Gigaspora gilmorei either alone or supplemented with P-fertilizer, on colchicine concentration in Gloriosa superba were studied. The
concentration of colchicine was determined by high-performance thin layer chromatography.

Results: The four fungi significantly increased concentration of colchicine in the herb. Although there was significant increase in concentration of
colchicine in non-mycorrhizal P-fertilized plants as compared to control, the extent of the increase was less compared to mycorrhizal plants grown
with or without P-fertilization. This suggests that the increase in colchicine concentration may not be entirely attributed to enhanced P-nutrition and
improved growth. Among the four AM fungi Glomus mossae was found to be best. Thetotal colchicine content of plant (mg/ plant) was significantly
high in plants inoculated with Glomus mossae and 25 mg kg *phosphorus fertilizer (348.9 mg /plant) while the control contain least colchicine
(177.87 mg/ plant).

Conclusion: The study suggests a potentia role of AM fungi in improving the concentration of colchicine in Gloriosa superba tuber.
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I ntroduction

Gloriosa superba L. (Liliaceae) is an ornamenta climbing herb native of tropica Asia, and Africa often been cultivated for its beautiful
flowers. The roots and tubers of this plant have been used in traditional Indian medicine for the treatment of gout, rheumatic arthritis, diseases of the
skin and liver, and several other purposes (Finnie and Staden, 1994). Since the detection of colchicine in Gloriosa (Clewer et a, 1915), a number of
researchers have suggested that Gloriosa could serve as a commercia source of colchicine (Sarin et a, 1977; Srivastava and Chandra, 1977), as the
colchicine content in the genera Colchicum has been reported to be lower than in Gloriosa (Bellet and Graignault, 1985). Colchicine, the main
alkaloid of Gloriosa superba, was a useful agent in the treatment of acute attacks of gout (Robert et al., 1987) cirrhosis of the liver (Kershowtrich et a,
1988) and familial Mediterranean fever (Goldfinger et a. 1972). Colchicine and its analogues were used clinically for the treatment of certain forms of
leukemia and solid tumers (Alexander et a, 1994). Due to its potent affinity for tubulin; colchicine is used in biological and breeding studies to
produce polyploidy, multiplication of the chromosomesin cell nucleus and in tubulin binding assays as a positive control (Trease and Evans, 1983).

Since the discovery of colchicine in Gloriosa, its commercia importance has increased as it has a higher content of colchicine than
Colchicum (Y oschida, 1988a; Finnie & van Staden 1994). In horticultural practice, vegetative propagation of Gloriosa is commonly used but the
growth isvery low (Kranse 1986). There are limited numbers of reports on tissue culture of G. superba (Finnie and van Staden, 1989). The amount of
colchicine recorded in tissue cultures of Gloriosa was 10-25 times lower than those found in plants growing in vivo (Hayashi et al. 1988, Finnie & van
Staden 1991). Therefore, improvement in naturally occurring colchicineyield is an important area of investigation.

Arbuscular mycorrhizal (AM) fungi are known to play a pivota role in the nutrition and growth of plants in many production-orientated
agricultural systems, but little is known about their potential effect on secondary metabolites in medicinal and aromatic plants (Copetta et a. 2006;
Kapoor et al. 2002a, b, 2004; Khaosaad et a. 2006, Sailo and Bagyaraj, 2005). Gloriosa superba is usually both mycorrhizal and responsive to the
symbiosis (Blanke et a. 2005). To our knowledge, no study has been carried out on the effect of AM in the production of colchicine in Gloriosa
superba. We therefore conducted an experiment with the objectives to (1) compare the effects of four AM fungi Glomus mossae, Glomus fasciculatum
Gigaspora margarita and Gigaspora gilmorie on plant growth and production of colchicine in Gloriosa superba and (2) determine if phosphate
fertilizerswould alter AM effects on colchicine production in Gloriosa superba.

Material and M ethods
Experimental Design

The Glass house study was carried out in year 2007, at the medicinal plant garden, B.H.U., Varanasi, India (25°18"N, 83°50"E). The
experimental location experiences a semi-arid tropical climate. The soil of the experimental field was sandy loam texture, organic electrical
conductivity 0.42 dSm™!, available carbon 0.38%, available nitrogen 180 kg ha', available phosphorus 21 kgha ' and pH 7.3. Plants used in the
study were propagated from a V- shaped tuber of Gloriosa superba. One tuber was planted in each pot for rooting in the first week of May 2007.
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Tubers were sprouted in the month of July and healthy, profusely rooted, 30 days old plants were transplanted in the polybags of 1.5 litre volume each.
After 180 days, December, 2007, plants were harvested from the polybags. Light irrigation was provided just after transplanting. The plants were
allowed to grow and no fertilizer or pesticide was added to the soil during the course of the experiment. The aerial and underground tuber parts of the
plants were separated and the different parts were washed with tap water, shade dried and kept in celulose bags for further experiment. Two
experiments were conducted: (1) Screening of best AM fungi influencing the growth and colchicine content of Gloriosa superba and (2) The second
experiment were conducted to study effect of best AMF and different levels of P fertilizer [super phosphates (P,Os)] on growth and col chicine content

of Gloriosa superba. The 2x4 Full factorial experiment was designed with two mycorrhizal conditions viz nonmycorrhizal and inoculated with

Glomus mossae combined with four concentrations of phosphorus (0, 25, 50 and 100 mg kg™ P-fertilizer) in the soil. The treatment combinations were
arranged in a compl etely randomized design, with 10 plants per treatment. The experiment was donein triplicate.

Mycorrhizal I noculation

Pot cultures of Glomus mossae, Glomus fasciculatum, Gigaspora margarita and Gigaspora gilmorei plants for 6 months. Five hundred
grams of soil inoculum (50 spores/10 g sail), along with 200 mg of chopped AM Zea mays roots (AM colonization level 80%), was placed in furrows
made with the help of a drill in each polybags before planting the rooted tuber of Gloriosa superba. Nonmycorrhizal inoculum consisted of 500 g
rhizosphere soil and 200 mg chopped nonmycorrhizal sorghum roots obtained by sowing surface sterilized seeds of Zea mays in pot containing
autoclaved soil.

Growth parameter and Nutrient estimation in Plants

Plants were grown under natura field conditions for 180 days. For each parameter studied, six plants were randomly harvested from
polybags of each treatment. Roots were washed and dried on blotting paper. Fresh weight of shoot per plant was determined. Shoot samples were
oven-dried at 72°C for 48h for determination of dry weight (g/plant). Later, the same dried shoot samples were analyzed for their mineral
concentration. Leaf sugar was extracted by the method of Angelov et a (1993). Total soluble sugar was determined using the method of Riazi et a
(1985). Oven dried leaf was ground and sieved through 0.5 mm sieve. 0.2 g ground material was digested in a triple acid mixture (HNO,, H,SO, and
60% HCIO, in aratio of 10:1:4), for analysis of phosphorus. The amount of phosphorus in the digested sample was estimated by molybdenum blue
method (Allen, 1989). The nitrogen content of leaf was measured using the semi-micro Kjeldahl method (Bremmer and Mulvaney, 1982). Lesf
chlorophyll content was determined at harvest (n=3), by extraction of chlorophyll with acetone (Harborne, 1998). Procedure was modified as follows,
representative semi-mature leaflets were collected and surface area was determined. Leaflets were placed in 5 mL of 80% acetone and stored in the
dark for 7 d at 4 °C. Supernatant was quantified with a spectrophotometer (Perkins-Elmer UV/Vis Spectrophotometer), at 645 and 663 nm, and
compared to an 80% acetone blank standard. Total chlorophyll content was expressed as mg/ g dry wt. of leaf.

Assessment of Arbuscular Mycorrhizal development

Assessment of roots for AM colonization was made at the end of the experiment by random sampling of roots. Percentage mycorrhizal root
colonization was estimated following grid line intersect method (Giovanetti & Mossae, 1980) after staining the roots by the method of Philips &
Hayman (1970).

Colchicine extraction and estimation

The amount of extracted col chicine from Gloriosa superba tuber was analyzed by high performance thin layer chromatography (HPTLC), as
described by Bodoki et &, 2004 [26] with some modification. Standard colchicine and the samples were spotted on percolated silicagel F,g, duminum
plate (E-Merck grade) as narrow bands 4 mm wide at a constant rate of 10 pl s using Camag Linomat IV mode applicator under nitrogen
atmosphere. A mixture of toluene and methanol (85:15 v/v), was used as the mobile phase. For detection and quantification of colchicine (at Rs 0.2),
scanning densitometry was performed using a Camag TLC scanner with CATS 4 software, in reflectance (at 360nm) and fluorescence modes (Hg
lamp, 254 nm).

Statistical Design

The experiment was a 2 x 4 factorial in a completely randomized design with two AMF levels (AMF and Non-AMF), and four levels of P:
0, 25, 50, and 100 mg P Kg™™. There was one rooted Gloriosa superba per polybags, with each polybag as a single replicate. Data were analyzed using
General Linear Model by using MINITB (15 version) software. The numbers of replications were: growth data (n=9), P analysis (n=3), chlorophyll
content (n=3), colchicines content (n=5, and AMF observations (n=675). Experiments were done in two run. All statistical anayses were performed
with Statistical Package MINITAB (version 15).

Results
Experiment 1: Screening of best AM fungi
Plant growth parameter, root colonization and nutrient concentration

Both the Glomus species successfully colonized the roots of Gloriosa superba (Table 1). No AM colonization was observed in those plant
roots that were not inoculated with AM fungi. Percentage of root colonization varied between the fungi (Tablel). AM funga inoculaion had a
significant effect on al measured plant growth variables i.e tuber dry biomass, aeria shoot dry biomass and seed dry biomass (Table I). However, the
level to which plant growth was enhanced varied between the fungal inoculants Glomus mossae-col onized plants performed consistently better than G.
fasciculatum and other Am fungi-inoculated and non-mycorrhizal plants. Mycorrhizal plants consistently accumulated more quantities of nitrogen,
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sugar, chlorophyll and phosphorus in their leaf than the non-mycorrhizal plants. Glomus mossae inoculated plants performed better than other AM
fungi inoculated plants. All AM fungi inoculated plants Glomus mossae, Glomus fascicul atum Gigospora margarita and Gigospora gilmorie resulted
in root colonization while control plants did not show root colonization. However Glomus mossae found to be best among all the AM fungi inocul ated
plants (Table1A).

Table I-A: Screening of best AMF Inoculating Gloriosa superba and their effect on growth and nutrient.

AMF Tuber Aeria Seed L eaf L eaf Leaf P.| Leaf Sugar | %Root
DM shoot DM Chl N(%DM | (%DM) (%DM) colonization
DM )

Control 37.33 15.6 051 311 1.39 0.21 211 0

G. mossae 51.6 235 122 421 1.65 0.31 2.87 92

G. fasciculatum 433 215 1.14 411 1.56 0.28 2.78 87

G. margarita 41.3 18.9 111 3.89 155 0.26 254 79

G. gilmorei 40.7 17.5 1.02 3.87 151 0.26 251 76

Tablel- B: Screening of best AMF Inoculating Gloriosa superba and their effect on colchicines content:

Amf Inoculation Colchicine % dry | Colchicine % dry | Colchicine % | Colchicine mg

wt. Of shoot wt. Of root dry wt. Of | Plant?

seed

Control 0.11 041 0.72 90
G. mossae 0.14 0.53 0.94 190.34
G. fasciculatum 0.13 0.48 0.9 150.4
G. margarita 0.12 0.45 0.88 125.67
G. gilmorei 0.11 0.43 0.86 121.21

Table II- A: Effect of phosphorus and arbuscular mycorrhizal fungi (AMF) on growth and nutrient of Gloriosa superba plants.

TCP | AMF Tuber Aerid seed L eaf L eaf P. | Leaf Sugar | Chloroph Root
DM shoot N(%DM) | (%DM) (%DM) yll colonizati
DM on
0 No 36.16 155 0.54 1.22 0.18 211 3.11 0
25 No 39.66 17.3 0.62 1.33 0.24 2.33 3.24 0
50 No 41.66 17.9 0.72 141 0.27 243 3.23 0
100 No 41.23 17.8 0.64 1.36 0.25 2.32 3.11 0
0 Yes 52.00 235 0.54 1.65 0.31 2.87 4.23 92
25 Yes 54.66 24.3 1.34 1.89 0.39 297 4.17 88
50 Yes 58.60 27.6 121 179 0.35 2.93 4.16 86
100 Yes 56.50 25.7 112 177 0.34 291 4.16 77
P AM F b * % * % * % * * % *%
P % HHN * % * % *ok * % *
AM FX P * * * % * * * *%

Significance according to ANOVA, NS, *, **, *** non-significant and significant P< 0.05, 0.01, 0.001, respectively Means (n=3).

Table II- B: Effect of phosphorus and arbuscular mycorrhizal fungi (AMF) on colchicines content of Gloriosa superba plants

Phosph | G.mossae | Colchicine % Colchicine % dry wt. | Colchicine % Colchicines mg
orus dry wt. of of tuber (root) dry wt. of seed | plant?
shoot

0 No 0.09 0.44 0.78 177.87
25 No 0.12 0.46 0.81 179.97
50 No 0.14 0.51 0.81 184.7
100 No 0.14 0.49 0.76 178.9
0 Yes 0.12 0.56 0.94 342.6
25 Yes 0.14 0.65 0.96 348.9
50 Yes 0.16 0.61 0.93 345.7
100 Yes 0.15 0.61 0.91 343.8
P A M F * % * *k %k * %

P * % * % ** * %

A M FX P * % * * * %

Significance according to ANOVA, NS, *, **, *** non-significant and significant P< 0.05, 0.01, 0.001, respectively. Means (n=3).
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Concentration of colchicinein different partsof Gloriosa superba

Concentration of colchicine in the tuber, aerial shoot and seeds were significantly high in al AMF treatments compared to controls. The
colchicine concentration was highest in Glomus mossae plants, which has significantly higher concentration of colchicine when compared with the
other AMF inoculated plants. The next best treatments were Glomus fasciculatum, Gigospora margarita and Gigospora gilmorie treated Gloriosa

superba plants (Table I-B).
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Figure I-A: Main effect plot of different AM fungi and phosphorus on growth parameters and mycorrhization of Gloriosa superba
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Figure I-B: Graph of different AM fungi and phosphorus on growth parameters and mycorrhization of Gloriosa superba

Effect of Glomus mossae and different level of phosphorusfertilizerson Gloriosa superba
Plant Growth, root colonization and nutrient concentration in Gloriosa superba

AM fungal inoculation and/or phosphorus fertilization had a significant effect on all measured plant growth variables (Table Il A). However,
the level to which plant growth was enhanced varied between the different levels of P applications. Glomus mossae-colonized plants performed
consistently better than non-mycorrhizal P-fertilized plants. Mycorrhizal inoculation of plants in the 25 mg kg™XP- soil further increased the tuber and
aerial dry biomass and found to be best when compared with the non-mycorrizal plants treated with different levels of P fertilizers and mycorrhizal
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plants treated with different levels of P fertilizers. The treatment GM + 25 mg kg™*P produced up to 51% more tuber biomass than non-inocul ated
control plants (Fig I1-A and 11-B). Mycorrhizal plants with different level of P consistently accumulated more quantities of phosphorus, nitrogen and
sugar in their leaves than the non-mycorrhizal plants with different level of P. However, the differences were not significant in plants grown in P-
fertilized soil (Tablell A and B). Glomus mossae + 25 mg P applied plants resulted in higher concentrations of P, N and sugar in leaves when
compared with the other AMF+ P and P applied plants. Mycorrhizal inoculation + P-fertilizer and P-fertilizer application alone significantly influence
the concentrations of chlorophyll. Among AM fungi + P-fertilizer together AMF + 25 mg P resulted in significant increases in concentrations of
chlorophyll compared to non AMF + P fertilizer applied plants and AMF + P applied plants. All AM fungi inoculated plants with Glomus mossae + P
applied plants resulted in root colonization while non -AMF + P applied plants did not show root colonization. However Glomus mossae+ 0 mg P

applied plants showed maximum root colonization and found to be best anong AMF + P applied plants. (Fig I1A and B)
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Figurell-B: Graph of different AM fungi and phosphorus on foliar nutrient parameter of Gloriosa superba

Concentration of cochicinein different partsof Gloriosa superba plants

Concentration of colchicine in the tuber was significantly higher in all AMF+P treatments compared to controls and non AMF+P treated
plants. The colchicine concentration was highest in Glomus mossae+ 25 mg P treated plants, which has significantly higher concentration of colchicine
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when compared with the different levels of P+AMF inoculated plants and different levels of P+ non AMF plants. Thetotal colchicine content of plant
(mg / plant), was significantly high in plants inocul ated with Glomus mossae and 25 mg kg phosphorus fertilizer (348.9 mg /plant), while the control
contain least colchicine (177.87 mg / plant), (Fig.IlIA and B). The study suggests a potential role of AM fungi in improving the concentration of
colchicinein Gloriosa superba tuber.

Discussion

Theresults clearly demonstrate high AM effectivenessin increasing the plant growth. The response of G. mossae was better than G.
fasciculatum and other AMF inoculated plants. The effect of mycorrhiza on plant development is influenced mainly by both the host plant and fungal
partner (Bethlenfalvay et al., 1989). Jackobsen et al. (1992) showed that different isolates of AM fungi can result in different effects on plant growth.
The P-concentration of mycorrhizal plant varied with AM fungal inoculum. The results indicate marked differences in capacity of fungal species for
the uptake of P by hyphae. Thisfinding isin accordance with observations of Pearson and Jakobsen (1993). The colchicine content al so varies among
plants inoculated with different strains of AM Fungi. This finding isin accordance with Abu-Zeyad et al (2005) observed that castanospermine content
in Castanospermum australe root are enhanced in the presence of AMF. Pandey and Banik (2009) found Glomus mossae to be the efficient AM fungi
involved in enhancing growth and barbaloin content in Aloe vera
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Figure III- B: Graph of different AM fungi and phosphorus on colchicine content of Gloriosa superba

A significant increase in growth and colchicine concentration in Gloriosa superba was recorded in plants from all treatments relative to the
controls. Increased growth and development in AM plants compared to non-mycorrhizal ones has been reported for many plant species, including
members of Liliaceae (Bryla and Duniway 1997; Ultra et al. 2007). Different effects on plant development were observed depending on the fungal
species and P-status of the soil. Glomus mossae-inoculated plants registered higher yield at different levels of phosphorusin soil. The greatest growth
effect was observed with Glomus mossae in the P-enriched (50 mg kg) soil. The plant given combined treatment of phosphate and mycorrhizal
inoculation could utilize the maximum benefits of phosphate fertilizer inspite of their decreased AM colonization in roots. Mycorrhization or P-
fertilization alone did not influence the concentration of photosynthetic pigments. These results are not in agreement with results obtained in some
earlier works (Giri et a. 2003; Kapoor and Bhatnagar 2007). Taiz and Zeiger (1998) correlated enhanced concentrations of chlorophyll to Cu uptake.
Cu is involved in the eectron transport system and is a component of the chlorophyll protein plastocyanin. Thus, significant differences in
concentrations of chlorophyll-a and chlorophyll-b observed in the present study may be attributed to similar Cu concentrations in leaves of AM-
inoculated and nonmycorrhizal plants.

Colchicine has been reported to accumulate in tuber and other parts of the Gloriosa superba plants (Ferreira and Janick 1995). Therefore,
substances that improve tuber and shoot growth are presumed to increase colchicine yield. Moreover, biosynthesis of colchicine is dependent on
primary metabolism, e.g., photosynthesis and oxidative pathways for carbon and energy supply (Singh et a. 1990). According to Fitter (1988) and
Giri et al. (2003), net photosynthesis of mycorrhizal plants can increase as aresult of improved plant nutritional status. Factors that increase dry matter
production may influence the interrelationship between primary and secondary metabolism, leading to increased biosynthesis of secondary products
(Shukla et al. 1992). It appears that significant improvement in plant biomass results in greater availability of substrate for colchicine biosynthesis
(van Gelgre et a. 1997). The enhanced concentration of colchicine by mycorrhization and/or P-fertilization may be due to improved growth and
nutrient status of the plants. Consequently, the increase in colchicine concentration depends on the species of AM fungus used, with G. mossae being a
more efficient symbiont for Gloriosa superba than G. fasciculatum and other species of Gigaspora.

In conclusion, the present study demonstrates the effectiveness of AM fungi in improving the concentration of colchicine in Gloriosa
superba. Inoculation with suitable AM fungal species adong with P-fertilization produces significant increases in tuber biomass production, resulting
in significant increases in colchicine content of individual plants. Thus, introduction of mycorrhizal technology in conjunction with P-fertilizers will
be helpful in developing low-cost cultivation of Gloriosa superba and production of colchicine.
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