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ABSTRACT: Enhanced production of anthraquinones from cell suspension cultures 

of Oldenlandia umbellata were established through elicitor or precursor treatment. 

Stock cell suspension cultures were developed in liquid MS medium supplemented 

with 2.5 µM NAA using friable calli. Standardization experiments of suspension 

cultures revealed that 10 µM NAA added liquid MS medium was optimum for the 

growth and AQ accumulation from O. umbellata suspension cultures. 10 µM NAA 

produced 9.96 mg g 
-1

dw AQ on 30
th

 day of incubation. Later enhanced AQ 

production was achieved by the addition of elicitors or precursors into the 

standardized media on 25
th

 day of incubation and AQ quantification was done after 5 

days of incubation. Addition of elicitors or precursors resulted in a sudden increase 

in AQ content. 25 mg L
-1

 pectinadded suspension cultures produced 35.67 mg g
-1

dw 

AQ and precursor feeding with 50 mg L
-1

α-keto glutaric acid resulted in the 

accumulation of 42.63 mg g
-1

dw AQ. HPLC analysis of elicitor or precursor 

mediated suspension cultures revealed the presence of alizarin and purpurin in 

samples. The overall AQ production by the addition of elicitors or precursors 

showed an increment when compared to that of control (9.44 mg g
-1

dw AQ). 

INTRODUCTION: Anthraquinones are a group 

of secondary metabolites comes under the quinones 

category. They are widely used in industrial and 

medicinal fields for various purposes. Industrially 

anthraquinones are used in the paper industry 
1, 2

, 

cosmetics and food processing industry 
3
.  Apart 

from the above uses, AQs are good dye stuffs and 

used in dying cloths since ancient times.  AQs are 

the second largest groups of natural dyes used in 

textile industries 
4
.   

Therapeutic application of AQ is well known.  AQs 

are used as antibacterial, antiviral, anti-fungal, 

anthelminthic, analgesic, hypotensive, anti-

inflammatory, anti-genotoxic, antitumor and 

immune enhancing agents 
5, 6, 7

.   
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AQ constituents are clinically important molecules 

especially rubiadin, damnacanthal, alizarin, and 

purpurin were used in the formulation of 

chemotherapeutical drugs. They were also used 

treatment various ailments to kidney and bladder 

stones, as a laxative mixture and as a mild 

sedative
8, 9

. Anthraquinone compounds, with great 

medicinal value, also have widespread use in 

different industries. Therefore, the anthraquinone 

industry is of great promise. China is the largest 

producers and exporters of AQs in industrial 

scale
10

. 

 

Oldenlandia umbellata L., is a potent AQ source 

from the family rubiaceae. The plant is valued in 

various traditional Indian (Ayurveda and Siddha) 

and Chinese systems of medicine due to various 

pharmacological properties like styptic, expectorant 

and chalagogue action 
11, 12

.  Fresh extract of the 

whole plant is used to cure bleeding conditions like 

menorrhagia. The decoction prepared from its roots 

and leaves are used externally as a wash for toxic 

bites and ulcers 
13, 14

. Decoction of roots 
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administered to relive cough, bronchial asthma and 

bronchitis 
15

.  Gupta et al.,
14

 reported the hepato-

protective and anti-oxidant activity of methanolic 

extracts of O. umbellata in carbon tetrachloride 

induced hepatotoxicity in rats. Ethnic community 

in China used Oldenlandia extract as first aid to 

snake bites, particularly for pit vipers 
15

.  

Oldenlandia has also been employed to treat sores 

and carbuncles on the skin, appendicitis, sore 

throats, urinary tract infections and hepatitis. 

Methanolic extracts of the plant has anti-bacterial 

activity against gram positive and gram negative 

bacteria which cause respiratory tract infection 
16

.   

 

Root paste of O. umbellata is taken orally for worm 

infections 
17

.  The root powder has been subjected 

to clinical trials and it has been proved to be an 

efficacious remedy for blood, particularly in the 

condition of tuberculosis 
18

.  Ethno-pharmaceutical 

value of Oldenlandia umbellata is very high among 

several tribal groups in India 
11

.  Tribal groups like 

‘Valaiyans’ of Tamil Nadu, ‘Malasar’ tribes of 

Coimbatore, Tamil  Nadu, tribal and non-tribal 

inhabitants of Andhra Pradesh and traditional 

healers in Kancheepuram make use of this plant in 

the treatments of various ailments 
18, 19, 20

.  

 

Many workers studied the chemical composition 

and in vitro AQ production from O. umbellata. GC-

MS analysis of ethanolic extract of roots revealed 

the presence of alizarin, ruberithryc acid, and 

ursolic acid 
21

. HPLC analysis of ethanol-water 

extract of O. umbellata contain AQ derivatives like 

1, 2, 3-trimethoxy anthraquinone, 1, 3-dimethoxy-

2-hydroxy anthraquinone, 1, 2-dimethoxy 

anthraquinone, 1-methoxy - 2 - hydroxy 

anthraquinone and 1, 2-dihydroxy anthraquinone 
22

. 

Mahibalan et al., 
23

 recently identified a new 

compound oledicoumarin and 11 new compounds 

having strong cytotoxic activity against several 

types of cancers like colon cancer HT-29, lung 

epithelial A549 and breast adenocarcinoma MDA-

MB-231 cell lines showed HUM-E to be 

significantly cytotoxic with lower IC50 values. 

 

The present study focus on the in vitro production 

of AQs from cell suspension cultures of O. 

umbellata by the usage of elicitors or precursors. 

 

 

MATERIALS AND METHODS: 

Development of stock suspension culture: 

Friable callus produced in MS medium fortified 

with 2.5 µM NAA derived from internodal explants 

was used for the initiation of cell suspension 

cultures. Approximately 200 mg friable piece of 

callus was transferred to 100mL Erlenmeyer flask 

containing 30mL MS liquid medium. The stock 

suspension culture was developed in liquid MS 

medium supplemented with 2.5 µM NAA.  When 

friable callus were transferred to liquid medium, 

the cells from callus mass started to get dispersed 

into the medium.  To get a fine stock suspension 

culture, unbroken callus material and large clumps 

from the suspension were removed through 

filtration using a pre-autoclaved, cell dissociation 

sieve (mesh diameter 100 mm and opening size 140 

mm, Sigma, St. Louis, US).   

 

The suspension cultures were then incubated on a 

gyratory shaker (Orbital shaking incubator, RIS 24-

BL, REMI, India) at 100 rpm at 25±2
o
C under 16 h 

photoperiod at 50 µmol m
-2

s
-1

 irradiance provided 

by cool white fluorescent tubes (Philips, India) and 

60-65% relative humidity.  The suspension raised 

in liquid medium was repeatedly sub-cultured for 

six times to fresh medium in every two weeks 

interval. Approximately, 200mg fresh weight of 

cell suspension was inoculated to fresh medium on 

every 15 day interval and thus developed stock 

suspension culture.  The developed stock culture 

was then used for following experiments; 

 

Influence of different auxins on suspension 

cultures: 

Influence of MS liquid medium (3% sucrose, pH 

5.8) supplemented with different types of auxins 

(IBA, NAA, IAA or 2, 4-D) at varying 

concentrations (1.0, 2.5, 5.0, or 10.0 µM) on 

growth and AQ production from suspension 

cultures were tested.  An approximate weight of 

200 mg cells from stock suspension culture was 

transferred to new media with different auxin 

concentrations.  Cells inoculated in growth 

regulator free MS medium served as control.  

Parameters like packed cell volume (PCV), fresh 

weight, dry weight, AQ content and growth index 

were recorded for 60 days at 10 days interval. After 

the standardization of optimum hormonal 
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concentration, the cell suspension cultures were 

subjected to elicitor or precursor treatment. 

 

Preparation of elicitors or precursors: 

Elicitors viz., pectin (PE) (Sd Fine-chem., Mumbai, 

India), yeast extract (YE) and xylan (XY) (SRL, 

Mumbai, India) and precursors viz. ,α-keto glutaric 

acid (KGA) and phenyl alanine (PAL) (SRL, 

Mumbai, India) and an inhibitor piroxicam (PM) 

(Sigma-Aldrich, St. Louis, US) were used for the 

experiment. The elicitors and precursors were 

dissolved in double distilled water and prepared the 

stock solutions in gL
-1

.  The stock solution of the 

inhibitor piroxicam was prepared by dissolving it in 

hot ethanol.  All the additives were filter sterilized 

by using disposable syringe filter unit (AXIVA 

syringe filter; 25 mm diameter, 0.2 µm pore size) 

and added to the medium at the following 

concentrations 10, 25, or 50 mg L
-1

. These 

substances were added to suspension cultures and 

examined level of AQ production.   

 

Effect of elicitors or precursors in suspension 

culture: 

To study the effect of elicitors in suspension 

cultures, standardized suspension cultures  of 25 

days old, were incubated with different 

concentrations (10, 25 and 50 mg L
-1

) of filtered 

elicitors viz., yeast extract, pectin or xylan.  Filter 

sterilized precursors viz., α-keto glutaric acid or 

phenylalanine were tested for AQ production and 

response of precursors were compared with an 

inhibitor piroxicam. Elicitor or precursor omitted 

cultures were served as control.  After five days of 

incubation (30
th

 day) cells were harvested and 

parameters like fresh weight, dry weight and total 

AQ content were determined. 

 

AQ quantification from cell suspension cultures: 

AQ quantification was based on the procedure of 

Hagendoorn et al. 
24

. Dried cells (100 mg) from 

suspension cultures were collected and were boiled 

in 80 % ethanol for 45 minutes in a water bath 

(KEMI water bath incubator shaker) at 80⁰C.  The 

extracts were then collected and the process was 

repeated thrice.  The extract was concentrated in a 

rotary evaporator (Super fit Rotavap, PBU-6, Super 

fit Continental Private Limited, Mumbai) at 60⁰C 

and centrifuged at 1500 rpm for 10 minutes.  The 

absorption was determined at434 nm on UV visible 

spectrophotometer (Shimadzu; Model No.UV-

1700), and anthraquinones was estimated using the 

standard graph of alizarin (Fluka Analytical, US). 

 

HPLC analysis for the detection of alizarin and 

purpurin: 

Extracts from elicitor or precursor treated 

suspension cultures were subjected to HPLC 

analysis.  Ethanolic extracts from the samples were 

filtered (AXIVA syringe filter, 25 mm diameter, 

0.2 µm pore size) and used for the analysis.  The 

analysis was performed in Agilent 1100 system 

(Model No. G1310A) connected with DAD-UV 

detector (Diode Array UV Detector).  The 

chromatographic conditions were as follows; 

SpherisorbeS5 ODS column (12 9 0.58 cm); mobile 

phase of triethylamine (0.5 %) in water: 

acetonitrile, 50:50 (v/v) with flow rate of 1 mL 

min
-1

 and detection wavelength at 250 nm.  

Alizarin (Fluka Analytical Chemical Co., St. Louis, 

US) and purpurin (Sigma Chemical Co. Ltd., St. 

Louis, USA) were used as standard.  Alizarin and 

purpurin quantification assay was done by applying 

the following equation 
25

; 

 

 
 

Experimental design and statistical analysis: 

All the experiments were conducted using a 

completely randomized block design (CRBD) 

method. Each treatment composed of three 

replications and each replication block was 

represented by three conical flasks per treatment. 

For analyzing growth characteristics of cell 

suspension, fresh weight, dry weight and PCV in 

10 mL culture per three graduated centrifuge tubes 

for each replica were used. One way to two way 

ANOVA, appropriately was performed to 

determine significance of treatments and also to 

determine interaction of factors 
26

. The mean 

separation was done according to Duncan’s 

multiple Range Test (P<0.05) 
27

. 

 

RESULTS AND DISCUSSION: 

Initiation of cell suspension cultures: 

Suspension cultures were initiated by transferring 

approximately 200 mg friable callus produced on 

2.5µM NAA supplemented medium to full strength 

MS liquid medium.  Continuous, vigorous agitation 
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of the friable callus in an orbital shaker caused 

dispersal of the cell mass from callus to the liquid 

medium. A fine suspension culture was produced 

by repeated subculture of suspension to new media 

up to six times at 15 days interval.  The fine 

suspension developed was maintained on an orbital 

shaker (120 rpm) for further experiments.  Effect of 

different concentrations of auxins viz., NAA, IBA, 

IAA, or 2, 4-D were compared for the growth and 

AQ accumulation in suspension cultures of O. 

umbellata. 

 

 
FIG. 1: GROWTH CURVES OF 10 µM NAA, PLOTTED BY 

GROWTH INDEX AGAINST PERIOD OF INCUBATION 

 

Effect of auxins in of suspension cultures of O. 

umbellata: 
Suspension culture was subcultured in different 

concentrations (1.0, 2.5, 5.0 and 10 µM) of   four 

auxins (NAA, IBA, IAA, or 2, 4-D) to evaluate the 

influence of auxin type and concentration on 

growth and AQ accumulation.  Two way ANOVA 

on various growth parameters reveal that auxin 

type and concentration had significant (p < 0.001) 

influence in the growth parameters of cell 

suspension cultures of O. umbellata.  

 

The concentration of NAA and duration of 

incubation had significant (p < 0.001) influence on 

the growth parameters like PCV, fresh weight and 

dry weight. When suspension culture was 

incubated in four different concentrations of NAA, 

a significant (p < 0.001) increase in PCV was 

observed from 30
th

 day onwards.  Highest PCV 

were noticed on 40
th

 day of incubation (7.83) 

(Table 1).  After 40 days of incubation there were 

slight decline in PCV. NAA concentration had 

significant (p < 0.001) role in biomass 

accumulation in suspension cultures of O. 

umbellata. Up to 20 days of incubation fresh 

weight biomass showed slow rate of increase, after 

that there were a sudden hike in fresh weight 

biomass accumulation.  On 40
th

 day of incubation 

10 µM NAA recorded the highest fresh weight 

biomass accumulation (9.68 g) (Table 2).  Further 

incubation on the same media showed a decline in 

fresh weight biomass.   

 

TABLE 1: PACKED CELL VOLUME OF SUSPENSION CULTURES OF O. UMBELLATA L. DEVELOPED IN DIFFERENT 

AUXIN SUPPLEMENTED MEDIUM 

Means within a column followed by same letters are not significantly (p<0.05) different as determined by Duncan’s Multiple Range test. NS- non significant, 

***F value is highly significant at p<0.001 level, **significant at p<0.01 level, *significant at p<0.05 level. 

Auxin type Conc 

(µM) 

Period of incubation (Days) 

10 20 30 40 50 60 

 

NAA 

1.0 10.00±1.15
abc

 20.33±1.20
abc

 26.67±1.20
a
 30.00±0.58

a
 32.67±0.88

bc
 33.33±0.88

bcdef
 

2.5 13.00±1.15
a
 21.00±2.52

abc
 28.00±1.53

a
 30.33±0.67

a
 32.00±0.58

bcd
 33.67±1.20

bcde
 

5.0 11.00±2.00
ab

 22.67±2.33
a
 27.33±1.20

a
 28.33±1.20

ab
 34.00±0.58

ab
 36.00±0.58

ab
 

10.0 9.67±1.45
abc

 20.67±2.60
abc

 29.33±0.33
a
 30.67±0.88

a
 35.33±0.33

a
 38.00±0.58

a
 

IBA 1.0 6.33±0.88
c
 19.33±3.53

abcd
 23.33±0.88

b
 29.33±0.88

a
 31.33±0.88

cd
 33.67±0.33

bcde
 

2.5 8.00±0.58
bc

 15.33±1.45
bcde

 21.00±0.58
bcd

 26.33±0.67
bc

 32.33±0.67
bc

 35.67±0.88
abc

 

5.0 11.67±1.20
ab

 15.00±1.53
cde

 17.67±0.88
d
 25.00±0.58

cde
 28.67±0.33

e
 32.00±0.58

def
 

10.0 10.00±0.58
abc

 12.00±0.58
e
 17.67±0.88

d
 24.67±0.88

cde
 31.00±1.00

cd
 34.33±0.88

bcd
 

IAA 1.0 6.00±1.15
c
 13.00±1.53

e
 18.67±0.88

d
 22.33±0.88

efg
 28.00±1.00

e
 31.33±0.88

ef
 

2.5 6.33±1.45
c
 14.00±2.00d

e
 19.33±1.20

cd
 25.33±0.33

cd
 30.00±0.58

de
 33.00±0.58

cdef
 

5.0 8.33±0.88
bc

 15.33±1.45
bcde

 17.67±0.88
d
 25.33±0.67

cd
 28.00±0.58

e
 30.67±0.67

fg
 

10.0 7.67±1.86
bc

 16.00±2.08
bcde

 18.33±2.19
d
 21.00±0.58

fg
 25.00±0.58

fg
 27.67±0.88

hi
 

2,4-D 1.0 10.00±1.53
abc

 21.00±1.15
abc

 18.00±1.53
d
 21.00±0.58

g
 23.33±0.67

gh
 27.67±0.88

hi
 

2.5 12.00±1.53
ab

 20.67±2.19
abc

 18.00±0.58
d
 23.33±0.88

def
 25.67±0.88

f
 28.33±0.33

gh
 

5.0 9.67±1.20
abc

 21.33±1.45
ab

 22.67±1.20
bc

 20.33±0.67
g
 24.00±1.00

fgh
 27.33±0.88

hi
 

10.0 12.00±1.53
ab

 20.00±0.58
abcd

 21.33±0.88
bcd

 22.33±1.86
efg

 24.33±0.33
fg

 25.67±1.20
hi
 

Control 0 5.67±0.33
c
 10.00±0.58

e
 13.33±0.88

e
 20.33±0.33

g
 22.00±0.58

h
 25.00±1.53

i
 

Treatment Df(n-1)=16 3.255** 4.339*** 16.070*** 18.428*** 32.854*** 19.850*** 

Auxin type Df (n-1)= 3 7.759*** 13.092*** 55.590*** 66.577*** 121.707*** 79.208*** 

Auxin ConcDf (n-1)= 3 2.052
NS

 0.462
NS

 0.077
NS

 3.367** 2.860
NS

 2.219
NS

 

Auxin Type X Conc Df (n-1)= 9 1.323
NS

 0.963
NS

 3.862** 4.289*** 5.407*** 6.147*** 



Krishnan and Siril, IJPSR, 2016; Vol. 7(9): 3649-3657.                                E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              3653 

TABLE 2: FRESH WEIGHT BIOMASS ACCUMULATION IN SUSPENSION CULTURES OF O. UMBELLATA L. IN RESPONSE 

TO DIFFERENT AUXINS 
Auxin type Conc 

(µM) 

Period of incubation in days 

10 20 30 40 50 60 

 

NAA 

1.0 0.29±0.01cd 1.08±0.02ef 3.70±0.05e 3.80±0.11e 3.47±0.11e 3.33±0.16e 

2.5 0.28±0.00d 2.29±0.11a 4.21±0.26de 4.20±0.04d 3.95±0.05de 3.74±0.13de 

5.0 0.24±0.00ef 1.76±0.07b 5.22±0.40c 5.12±0.07c 4.78±0.07c 4.64±0.13c 

10.0 0.23±0.01efg 1.50±0.01c 8.69±0.67a 9.68±0.04a 9.21±0.35a 8.27±0.40a 

IBA 1.0 0.18±0.00hi 0.47±0.05h 1.26±0.05g 1.32±0.01i 1.00±0.02g 1.01±0.01gh 
2.5 0.50±0.01a 1.31±0.03d 2.29±0.14f 2.61±0.05f 1.97±0.37f 1.98±0.29f 

5.0 0.34±0.01b 0.98±0.01f 2.17±0.05f 2.08±0.07g 1.55±0.17f 1.58±0.19fg 

10.0 0.32±0.01bc 1.30±0.01d 1.26±0.10g 1.32±0.00i 0.99±0.01g 0.89±0.07i 

IAA 1.0 0.14±0.01k 0.37±0.04hi 2.28±0.07f 2.11±0.01g 2.07±0.07f 2.13±0.13f 

2.5 0.18±0.01ij 0.75±0.05g 2.11±0.06f 1.83±0.15h 1.65±0.22f 1.62±0.33fg 

5.0 0.15±0.01jk 1.12±0.06ef 0.99±0.04g 0.95±0.05j 0.89±0.02g 0.58±0.24ij 

10.0 0.15±0.02k 0.49±0.03h 0.94±0.03g 0.98±0.01j 0.08±0.00h 0.09±0.01j 

2,4-D 1.0 0.20±0.01ghi 1.18±0.04de 9.32±0.30a 8.03±0.10b 6.82±0.31b 6.72±0.42b 

2.5 0.21±0.01fgh 1.62±0.04bc 6.33±0.22b 4.22±0.10d 4.07±0.08d 3.71±0.23de 

5.0 0.24±0.01ef 1.73±0.04b 4.72±0.07cd 4.07±0.06d 3.97±0.03de 3.89±0.16de 

10.0 0.25±0.01e 0.20±0.00j 4.09±0.03de 4.14±0.10d 3.91±0.16de 4.20±0.20cd 

Control 0 0.06±0.02l 0.26±0.04ij 1.05±0.04g 1.15±0.06ij 1.05±0.05g 1.04±0.04gh 

Treatment Df(n-1)=16 98.788*** 167.863*** 134.294*** 1169.750*** 195.355*** 104.340*** 
Auxin type Df (n-1)= 3 293.197*** 306.143*** 424.572*** 3569.379*** 618.885*** 339.137*** 

Auxin ConcDf (n-1)= 3 66.288*** 248.797*** 9.159*** 163.421*** 16.261*** 9.937*** 

Auxin Type X Conc 
Df (n-1)= 9 

58.159*** 74.753*** 66.697*** 684.404*** 101.963*** 50.392*** 

Means within a column followed by same letters are not significantly (p<0.05) different as determined by Duncan’s Multiple Range test. NS- non significant, 

***F value is highly significant at p<0.001 level, **significant at p<0.01 level, *significant at p<0.05 level. 

 

TABLE 3: DRY WEIGHT BIOMASS ACCUMULATION IN SUSPENSION CULTURES OF O. UMBELLATA L. FORTIFIED 

WITH DIFFERENT AUXINS 

Means within a column followed by same letters are not significantly (p<0.05) different as determined by Duncan’s Multiple Range test. NS- non significant, 

***F value is highly significant at p<0.001 level, **significant at p<0.01 level, *significant at p<0.05 level. 

 

Dry weight accumulation was also highest (0.42 g) 

in 10 µM NAA from 30th day onwards (Table 3).  

The growth index of cell suspension cultures in 10 

µM NAA supplemented media showed a steep rise 

in between 20 to 30 days of incubation followed by 

a steady phase from 30 to 40 days of incubation 

and then showed declined growth rate after 40 days 

(Fig. 1). Growth parameters, at different 

concentrations (1.0, 2.5, 5.0 and 10 µM) of IBA, 

IAA and 2, 4-D were observed to be inferior to10 

µM NAA.  

 

Suspension culture in different concentrations of 

NAA started producing significant (p < 0.001) 

amount of AQ from 20th day onwards.  Continuous 

monitoring of AQ content from 10th day up to 60 

days revealed that the AQ production was highest 

on 30th day of incubation on 10µM NAA 

Auxin type Conc 

(µM) 

Period of incubation in days 

10 20 30 40 50 60 

 

NAA 

1.0 0.02±0.00c 0.07±0.00f 0.14±0.00c 0.12±0.00cd 0.10±0.00def 0.11±0.00cde 

2.5 0.02±0.00c 0.13±0.01b 0.14±0.03c 0.13±0.01cd 0.09±0.00efg 0.10±0.00cdef 

5.0 0.03±0.00a 0.10±0.00c 0.42±0.29b 0.24±0.01bcd 0.12±0.01d 0.12±0.00c 

10.0 0.02±0.00c 0.09±0.00d 0.42±0.03b 0.42±0.01ab 0.32±0.01a 0.32±0.01a 

IBA 1.0 0.01±0.00d 0.03±0.00i 0.09±0.00c 0.40±0.31ab 0.08±0.00fg 0.06±0.01g 

2.5 0.03±0.00a 0.08±0.00e 0.09±0.00c 0.08±0.00cd 0.09±0.00fg 0.08±0.00efg 

5.0 0.02±0.00b 0.05±0.00g 0.12±0.01c 0.09±0.00cd 0.08±0.00fg 0.09±0.01defg 

10.0 0.02±0.00b 0.08±0.00de 0.06±0.02c 0.08±0.01cd 0.08±0.00g 0.08±0.01efg 

IAA 1.0 0.01±0.00f 0.02±0.00j 0.03±0.00c 0.02±0.00d 0.01±0.00h 0.02±0.00h 
2.5 0.01±0.00e 0.04±0.00h 0.43±0.02b 0.28±0.02abc 0.15±0.02c 0.02±0.01h 

5.0 0.01±0.00d 0.06±0.00f 0.07±0.00c 0.08±0.00cd 0.07±0.00g 0.08±0.00efg 

10.0 0.01±0.00e 0.23±0.00a 0.06±0.00c 0.08±0.00cd 0.08±0.00g 0.06±0.01g 

2,4-D 1.0 0.01±0.00de 0.08±0.00de 0.54±0.02b 0.39±0.03ab 0.23±0.01b 0.22±0.02b 
2.5 0.01±0.00e 0.10±0.00c 0.95±0.01a 0.51±0.07a 0.32±0.00a 0.30±0.01a 

5.0 0.01±0.00e 0.02±0.00j 0.17±0.06c 0.19±0.00bcd 0.09±0.00efg 0.12±0.01cd 

10.0 0.01±0.00d 0.01±0.00k 0.15±0.01c 0.11±0.00cd 0.11±0.01de 0.10±0.01cde 

Control 0 0.01±0.00f 0.01±0.00k 0.12±0.00c 0.10±0.00cd 0.09±0.00efg 0.07±0.01fg 

Treatment Df(n-1)=16 138.955*** 389760*** 11.287*** 3.780*** 138.930*** 89.099*** 

Auxin type Df (n-1)= 3 370.078*** 249.017*** 18.631*** 4.060* 221.263*** 237.321*** 
Auxin ConcDf (n-1)= 3 97.179*** 309.108*** 8.203*** 1.391NS 75.870*** 20.983*** 

Auxin Type X Conc 

Df (n-1)= 9 

68.975*** 429.638*** 9.659*** 4.332*** 132.559*** 83.508*** 
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supplemented medium (9.96 mg g -1dw) (Fig.2 A-

D).  After 30 days AQ content declined.  

  

Effect of elicitors in suspension culture: 

Type and concentrations of elicitors had significant 

(p < 0.001) influence in AQ production from cell 

suspension cultures of O. umbellate (Table 4).  

Biomass accumulation in suspension cultures were 

significantly higher (p < 0.001) when compared 

with that of control (8.66 g).  Highest fresh weight 

was recorded during elicitation using 25 mg L-1 

pectin added medium (12.24 g).   Elicitation with 

25 mg L-1 pectin also showed significant (p < 

0.001) enhancement dry weight biomass 

accumulation (2.13 g) when compared to control 

(0.66 g).    The AQ production by elicitation had 

significant (p < 0.001) influence in cell suspension 

cultures.  Highest amount of AQ accumulated 

during elicitation was 35.67 mg g-1dw in 25 mg L-

1 pectin added medium (Table 4, Fig.3A). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
FIG. 2: AQ ACCUMULATION IN CELL SUSPENSION CULTURES OF O. UMBELLATA WITH RESPECT TO TYPE AND CONCENTRATION 

OF AUXIN AND PERIOD OF INCUBATION. A. PERIODIC EFFECT OF DIFFERENT AUXINS AT 1 µM CONCENTRATION. B. EFFECT OF 

2.5 µM CONCENTRATIONS OF DIFFERENT AUXINS WITH RESPECT TO PERIOD OF INCUBATION. C. PERIODIC EFFECT OF 

DIFFERENT AUXINS AT 5 µM CONCENTRATION. D. EFFECT OF 10 µM CONCENTRATIONS OF DIFFERENT AUXINS WITH RESPECT 

TO PERIOD OF INCUBATION. 

 

Effect of precursors on suspension cultures: 

Addition of precursors in cell suspension of O. 

umbellata had significant (p < 0.001) effect on AQ 

production (Table 5). Fresh weight biomass 

accumulation during precursor feeding was highest 

when suspension treated with 50 mg L
-1

α-keto 

glutaric acid (15.54 g) (Table 5).  When the dry 

weight biomass was considered, highest 

accumulation was reported during 50 mg L
-1

α-keto 

glutaric acid addition to the suspension cultures 

(3.08 g).  Precursor feeding with 50 mg L
-1

α-keto 

glutaric acid resulted in the accumulation of 42.63 

mg g
-1

dw AQ (Table 5, Fig.3B).  The overall AQ 

production by the addition of elicitors, precursors 

or inhibitors showed an increment when compared 

to that of control (9.44 mg g
-1

dw AQ). The 

interaction of precursor type and concentration had 

a significant (p< 0.001) influence in AQ production 

from cell suspension cultures of O. umbellata. 

 
FIG. 3: A. 25 MG L-1 PECTIN MEDIATED AQ PRODUCTION FROM 

CELL SUSPENSION CULTURES. B. 50 MG L-1 α-KETO GLUTARIC 

ACID INDUCED AQ PRODUCTION FROM CELL SUSPENSION 

CULTURES (BAR = 0.90 CM). 
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TABLE 4: EFFECT OF DIFFERENT TYPES OF ELICITORS ON 25-DAYS-OLD SUSPENSION CULTURE OF O. UMBELLATA 

DEVELOPED IN MS MEDIUM FORTIFIED WITH 10 µM NAA 

Means within a column followed by same letters are not significantly (p<0.05) different as determined by Duncan’s Multiple Range test. NS- non significant, 
***F value is highly significant at p<0.001 level, **significant at p<0.01 level, *significant at p<0.05 level 

 
TABLE 5: EFFECT OF PRECURSOR OR AQ INHIBITOR PIROXICAM ON 25-DAYS-OLD CELL SUSPENSION CULTURE OF 

O. UMBELLATA DEVELOPED IN MS MEDIUM FORTIFIED WITH 10 µM NAA 

Means within a column followed by same letters are not significantly (p<0.05) different as determined by Duncan’s Multiple Range test. NS- 

non significant, ***F value is highly significant at p<0.001 level, **significant at p<0.01 level, *significant at p<0.05 level 

 

Enhanced AQ production through elicitation or 

precursor feeding was also reported by a number of 

workers. Precursor feeding of cell suspension 

cultures of Morindacitrifolia resulted enhanced AQ 

accumulation 
28

. El-Mawla 
29 

reported the influence 

of certain abiotic elicitors on production of 

anthraquinones from cell cultures of 

Rubiatinctorum. Aloe vera suspension cultures 

produced 127% higher AQ content than control 

when treated with chitosan 
30

. Enhanced AQ 

production from cell suspension cultures of O. 

umbellata is supported by these reports. 

 

 

 

 

HPLC analysis of samples: 
HPLC analysis of in vitro produced AQ samples 

confirmed the presence of alizarin and purpurin in 

the extract. Alizarin was detected in samples at a 

retention time of 1.93 at 250 nm in standard HPLC 

chromatogram (Fig.4A) and retention time of 

purpurin was 1.82 (Fig.4B). 25 mg L
-1

pectin 

treated suspension cultures produced 10.259 mg g
-

1
dw alizarin and 8.245 mg g

-1
dw purpurin (Fig.4C).  

Precursor feeding of suspension cultures resulted in 

increased accumulation of alizarin and purpurin 

(15.24 and 10.215 mg g
-1

dw respectively) (Fig.4D). 

 

 

 

Elicitor Conc. 

( mg L-1) 

Fresh Weight (g) Dry Weight (g) Total AQ 

mg g-1dw 

Yeast Extract 

 

10 8.80±0.23c 0.77±0.06c 27.20±0.68bcd 

25 8.87±0.64c 0.63±0.13c 26.35±0.58cd 

50 9.06±0.09c 0.50±0.03c 26.25±0.58cd 

Pectin 10 10.75±0.42b 1.34±0.27b 27.97±0.91bc 

25 12.24±0.14a 2.13±0.32a 35.67±1.21a 

50 11.11±0.11b 1.29±0.15b 28.91±0.29bc 

Xylan 10 8.61±0.25c 0.37±0.01c 24.79±1.54d 

25 9.30±0.10c 0.55±0.10c 27.10±0.74bcd 

50 10.31±0.27b 0.65±0.10c 29.29±0.22b 

Control 8.66±0.14c 0.69±0.03c 9.44±0.18e 

Treatment Df  (n-1)=9 18.725*** 12.458*** 67.187*** 

Elicitor type Df (n-1)= 2 55.353*** 39.687*** 22.640*** 

Elicitor concDf (n-1)=2 6.359** 3.113NS 9.697*** 

Elicitor type X concDf (n-1)=4 4.226* 3.489* 11.081*** 

Precursor 

or inhibitor 

Conc. 

( mg L-1) 

Fresh Weight (g) Dry Weight (g) Total AQ 

mg g-1dw 

Piroxicam 10 10.91±0.35d 0.55±0.05ef 24.93±1.45d 

25 10.06±0.12e 0.33±0.01ef 25.12±0.41d 

50 7.98±0.45f 0.27±0.02f 21.78±0.76e 

α-keto glutaric acid 10 12.58±0.19c 1.30±0.04d 35.14±0.61bc 

25 14.55±0.17b 2.03±0.33b 37.10±0.99b 

50 15.54±0.10a 3.08±0.07a 42.63±0.73a 

Phenylalanine 10 13.04±0.41c 1.74±0.13bc 32.85±0.81c 
25 12.43±0.17c 1.54±0.12cd 33.14±0.53c 

50 11.60±0.18d 1.49±0.14cd 32.30±1.59c 

Control 8.66±0.14f 0.69±0.03e 9.44±0.18f 

Treatment Df(n-1)=9 87.104*** 45.835*** 107.255*** 

Prec type Df (n-1)=2 220.557*** 130.189*** 172.124*** 

PrecconcDf (n-1)=2 4.548* 7.649** 1.349NS 

Prec type X concDf (n-1)=4 32.847*** 18.816*** 9.604*** 



Krishnan and Siril, IJPSR, 2016; Vol. 7(9): 3649-3657.                                E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              3656 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
FIG 4: HPLC PROFILE OF STANDARDS A. ALIZARIN. B. PURPURIN. C AND D. HPLC PROFILE OF ETHANOLIC EXTRACTS OF 

ELICITOR AND PRECURSOR MEDIATED SUSPENSION CULTURE. 

 

CONCLUSION: The present study reveals that 

elicitors or precursors can significantly influence 

AQ production from suspension cultures of O. 

umbellata.  AQ accumulated in 10 µM NAA added 

suspension cultures (9.96mg g
-1

dw) of O. 

umbellata were seem to be inferior to elicitation or 

precursor feeding of suspension cultures.  Highest 

AQ accumulation was recorded in 50 mg L
-1 

α-keto 

glutaric acid added suspension cultures (42.63mg g
-

1
dw).  The present protocol can be applied for large 

scale production of AQ to meet global needs. 
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