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Abstract Cell cultures of Commiphora wightii (Arnott.)

Bhandari were grown in shake flasks and a bioreactor and

an increase in guggulsterone accumulation up to 18 lg l-1

was recorded in cells grown in the production medium

containing a combination of sucrose:glucose (4% total),

precursors (phenylalanine, pyruvic acid, xylose, and

sodium acetate), morphactin, and 2iP. A yield of 10 g l-1

biomass and *200 lg l-1 guggulsterone was recorded in a

3-l flask and in a 2-l stirred tank bioreactor compared with

6.6 g biomass and 67 lg l-1 guggulsterone in 250-ml

flasks. Increased vessel size was correlated with increased

biomass and guggulsterone accumulation. 2iP alone was

not effective for biomass and guggulsterone accumulation

in cell cultures of C. wightii.

Keywords Bioreactor � Commiphora wightii �
Guggulsterone � Morphactin � Secondary metabolites

Introduction

Guggulsterone (two isomers, E and Z) is an effective anti-

hyperlipidemic agent obtained from gum resin of the tree

Commiphora wightii (Arnott.) Bhandari (Wang et al.

2004). It is the only natural hypolipidemic agent. Purified

gum resin is used in traditional medicine in India for

obesity and arthritis (Dev 2006). Its approval by the FDA

as a food supplement in 1994 resulted in intensive work

describing guggulsterone as a farnesoid X receptor (FXR)

antagonist (Urizar et al. 2002) and for FXR regulation of

several cholesterol-related genes (Burris et al. 2005).

Plant cell cultures offer an alternative to natural biomass

for production of useful metabolites. However, the pro-

ductivity obtained by in-vitro techniques remains low

(Merillon and Ramawat 2007). Optimum growth is nega-

tively correlated with production of secondary metabolites.

Consequently strategies have been proposed to increase

productivity. Manipulation of the culture medium (e.g.

carbon source, nitrogen, and phosphate) and culture con-

ditions (e.g. inoculum density, growth period) has been

successfully used to increase the production of secondary

metabolites (Ramawat and Mathur 2007).

Earlier we reported guggulsterone accumulation by

manipulating medium constituents (Mathur et al. 2007), the

marked influence of morphactin on guggulsterone accu-

mulation in callus cultures (Tanwar et al. 2007), and

guggulsterone accumulation in cell cultures grown in shake

flasks and a bioreactor (Mathur and Ramawat 2007). In this

communication, we report improvement of guggulsterone

accumulation as a result of formulating a production

medium by combining optimal conditions of medium salts,

precursors, and morphactin. These cultures were grown in

shake flasks and a bioreactor.

Materials and methods

Cell-suspension cultures were maintained in modified

Murashige and Skoog (1962) medium containing

2,4-dichlorophenoxyacetic acid (0.5 mg l-1), kinetin

(0.25 mg l-1), and 3% w/v sucrose, referred to as CN4

medium (NH4NO3 825 mg l-1, KNO3 475 mg l-1, and

CaCl2.6H2O 220 mg l-1). These salts in different con-

centrations were used for production medium referred to as
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CN7 medium (NH4NO3 1650 mg l-1, KNO3 475 mg l-1,

and CaCl2.6H2O 220 mg l-1) containing 0.1 mg l-1 ki-

netin and 0.1 mg l-1 2,4-dichlorophenoxyacetic acid. The

cultures were grown for 12 days in 250-ml Erlenmeyer

flasks containing 100 ml CN4 medium and then the cells

(*500 mg dry weight) were transferred to 100 ml CN7

medium. The culture conditions and medium preparation

were same as described earlier (Mathur et al. 2007; Mathur

and Ramawat 2007). Six replicate flasks were used in each

treatment and experiments were conducted twice. All

results are averaged over two separate analyses for gug-

gulsterone estimation and expressed as lg guggulsterone

g-1 cell dry weight. The data were analyzed by one-way

ANOVA followed by mean separation using a post-hoc

least-significant difference (LSD) test at P B 0.05.

Modification of CN7 medium

Sugars (sucrose, glucose, maltose) at different concentra-

tions (4–6% w/v) and in different combinations

(sucrose:glucose, 1:1 ratio) were incorporated in CN7

medium. Six combinations in CN7 medium were used: PM1

(CN7 + 50 g l-1sucrose), PM2 (CN7 - 2,4-D), PM3

(CN7 + pyruvic acid, xylose 250 mg l-1), PM4

(CN7 + phenylalanine 250 mg l-1), PM5 (CN7 - 110 mg

l-1CaCl2), and PM6 (NH4NO3 1650 mg l-1, KNO3 475 mg

l-1, CaCl2.6H2O 110 mg l-1, KH2PO4 85 mg l-1, with 2,4-

D 0.1 mg l-1 and kinetin 0.1 mg l-1, and 40 g l-1

sucrose:glucose, pyruvic acid, sodium acetate, xylose,

phenylalanine each 250 mg l-1, thiourea 100 mg l-1).

Scale-up of the production medium

Different sized vessels (250-ml to 3-l flasks and stirred tank

bioreactor, 2 l; Inceltech, France) containing production

medium (PM6) with two different combinations of plant-

growth regulators, 2iP alone or morphactin with 2iP. Mor-

phactin concentration and bioreactor settings, guggulsterone

extraction, and HPLC analysis were same as described

earlier (Mathur and Ramawat 2007; Tanwar et al. 2007).

Results and discussion

Transferring cells to the production medium resulted in an

approximately two fold improvement in guggulsterone

accumulation compared with growth medium. The cells

harvested after different intervals of time grown in CN7

medium showed increased accumulation of guggulsterone

for up to 15 days growth (Fig. 1). Growth and gugguls-

terone content declined after fifteen days of culture.

Guggulsterone E content remained high during the entire

growth period.

Increased sugars from 3% to 4–6% w/v in the medium

significantly enhanced dry weight yield of C. wightii cell

cultures compared with the 3% control level. Sucrose or

maltose alone were not effective in enhancing guggulster-

one accumulation as compared with combined sugars. A

combination of sucrose:glucose (40 g l-1) in the medium

enhanced guggulsterone accumulation (18 lg g-1) and

yield (165 lg l-1) after 15 days growth (Table 1). This

increase was about 2.5 times that of the control.

More than a threefold increase in guggulsterone accu-

mulation over control was recorded in the cells grown in

PM6 medium followed by PM3 medium whereas maximal

growth was recorded in cells grown in PM2 medium

Fig. 1 Time course of growth and guggulsterone production in cell

cultures grown in CN7 medium in 250-ml flasks containing 100 ml

medium. (DW dry weight, Gs-E guggulsterone-E, Gs-Z guggulster-

one-Z, TGs total guggulsterones)

Table 1 Effect of varying concentration and combination of sugars

incorporated in CN7 medium containing 0.1 mg l-1 2,4-D and 0.1 mg l-1

kinetin on growth and guggulsterone production in cell cultures of C.

wightii grown in a 250-ml flask containing 100 ml medium and harvested

on the 15th day

CN7

medium

(g l-1)

Dry wt

yield

(g l-1 ± SD)

Guggulsterone content lg g-1 ± SD

GS-E GS-Z Total Total

yield

l-1

Control 8.1 ± 0.5e 6.4 ± 1.0b–d 1.7 ± 1.2c–e 8.1 65

S40 10 ± 0.7b 7.8 ± 1.03b 1.2 ± 0.36c–e 9.0 90

S60 9.2 ± 0.7b–d 5.5 ± 0.99b–f 3.9 ± 0.12b 9.4 86

M40 9.4 ± 0.6b–d 7.7 ± 0.02bc 1.8 ± 3.8cd 9.5 89

M60 7.3 ± 0.5e 5.6 ± 0.6b–f 1.9 ± 0.98c 7.5 55

SG40(1:1) 9.2 ± 0.6bc 12.0 ± 2.8a 6.0 ± 1.9a 18.0 165

SG60(1:1) 11.2 ± 0.7a 5.9 ± 1.6b–e 7.5 ± 1.0a 13.4 150

S, sucrose; M, maltose; G, glucose; SD, standard deviation; GS-E, gug-

gulsterone-E; GS-Z, guggulsterone-Z

Means with common letters are not significantly different at P B 0.05,

according to least significant difference (LSD) test
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(Fig. 2). Increased sugar concentration (PM1), withdrawal

of 2,4-D (PM2), addition of phenylalanine (PM4), or

reduction in calcium chloride (PM5) in CN7 medium did

not enhance biomass and guggulsterone content. Therefore,

PM6 was used for another set of experiments based on this

and earlier results of Tanwar et al. (2007). Replacement of

2,4-D and kinetin by 1 mg l-1 2iP resulted in low yield of

guggulsterone (67–78 lg l-1) (Table 2). Addition of mor-

phactin (0.1 mg l-1) to PM6 medium containing 1 mg l-1

2iP and SG 40, not only increased growth (dry biomass

from 6.6 to 8.5 g l-1) but also guggulsterone accumulation

from 10.2 lg g-1 to 14.4 lg g-1 in cells grown in 250-ml

flasks (Table 2). Increase in vessel size with PM6 medium

containing 1 mg l-1 2iP and 0.1 mg l-1 morphactin was

correlated with an increase in dry biomass and increased

yield of guggulsterone. Maximum yield of biomass and

guggulsterone was obtained in cells grown in a 2-l biore-

actor, which was also highest among all the treatments

used so far in cell cultures of C. wightii.

A marked increase in guggulsterone accumulation has

been achieved by permutation and combination in a pro-

duction medium. Earlier, we had recorded 40 g l-1 maltose

as an effective sugar in enhancing guggulsterone accumu-

lation in callus cultures of C. wightii (Mathur et al. 2007).

But in this work with cell cultures, 40 g l-1 sucrose:glu-

cose (1:1 ratio) was effective in enhancing the yield 2.5-

fold over other treatments. A high concentration of cyto-

kinin (Merillon et al. 1991; Tanwar et al. 2007) is known to

enhance secondary metabolites as shown in earlier work on

C. wightii callus cultures (Tanwar et al. 2007) but failed to

enhance guggulsterone accumulation in cell cultures grown

in the production medium containing 2iP alone. Biomass

and guggulsterone accumulation were higher in production

medium used with large vessels, whereas growth medium

was negatively correlated with increased vessel size for

yield of biomass and guggulsterone (Mathur and Ramawat

2007). This different behavior for guggulsterone accumu-

lation in callus (4 weeks) and cell cultures (15 days) might

be due to differences in growth pattern and availability of

nutrients to the cells in the two systems. Morphactin had

profound effect even with high concentrations of 2iP

(Tanwar et al. 2007). Use of low concentration of mor-

phactin as an auxin in cell suspension cultures of C. wightii

for production of guggulsterone was unique. The effec-

tiveness of morphactin in conjunction with 2iP has also

been validated for the production of isoflavonoids in cell

cultures of Pueraria tuberosa cell cultures (Goyal and

Ramawat 2008).

A sharp increase of saponin content was also recorded

around days 10–14 at an initial sucrose concentration of

60 g l-1 in Panax ginseng (Akalezi et al. 1999). A similar

method has been used to produce high yields of stilbenes in

Vitis vinifera cell cultures using two-stage culture medium

(Vitrac et al. 2002). Incorporation of the precursor in a

biosynthetic pathway depends upon several factors, for

example culture conditions including growth stage, hor-

mone composition (El-Sayed et al. 2004) and elicitation

(Vitrac et al. 2002). These strategies are being applied for

enhanced guggulsterone production.

Fig. 2 Growth and guggulsterone content of different production

media in a 250-ml flasks containing 100 ml medium grown for fifteen

days

Table 2 Growth and guggulsterone accumulation in cell cultures of C. wightii grown in different sized vessels containing PM6 medium with

1 mg l-1 2iP alone or with 0.1 mg l-1 morphactin and harvested on the 15th day

PM6 Vessel/medium (volumes) Dry wt yield (g l-1 ± SD) Guggulsterone content lg g-1 ± SD

GS-E GS-Z Total Total Yield l-1

2iP 1 250 ml/100 ml 6.6 ± 0.5 7.3 ± 0.2 2.9 ± 0.08 10.2 67.3

2iP 1 3l/1000 ml 7.2 ± 0.4 6.9 ± 0.2 4.0 ± 0.1 10.9 78.5

2iP 1+M 0.1 250 ml/100 ml 8.6 ± 0.3 9.6 ± 0.3 4.8 ± 0.02 14.4 124

2iP 1+M 0.1 500 ml/200 ml 8.6 ± 0.4 9.6 ± 0.2 5.6 ± 0.05 15.2 131

2iP 1+M 0.1 1l/400 ml 8.8 ± 0.4 9.8 ± 0.24 6.6 ± 0.4 16.4 144

2iP 1+M 0.1 2l/800 ml 9.9 ± 0.7 10.6 ± 0.3 5.9 ± 0.1 16.5 163

2iP 1+M 0.1 3l/1000 ml 10.0 ± 0.9 10.6 ± 0.4 5.7 ± 0.1 18.3 183

2iP 1+M 0.1 2l Stirred tank Bioreactor/1500 ml 10.9 ± 0.7 9.8 ± 0.8 5.1 ± 0.3 18.9 206

M, morphactin; PM6, production medium 6 without 2,4-D and kinetin
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