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Abstract 
Saussurea lappa is a critically endangered medicinal plant. It is necessary to conserve it. Plant tissue culture 

is one of the best way for its conservation. For callus induction apical shoots of S. lappa was sterilized with 

0.1% mercuric chloride for 2 minutes and cultured on MS media supplemented with 1mgl-1 

Dichlorophenoxy acetic acid (2-4 D) and 0.25 mgl-1 kinetin (Kn). The callus induction occurred after 3-7 

days of inoculation. The Relative Growth Rate Week-1 (RGR) of the callus was calculated on fresh weight 

basis. Calculation revealed that a little decrease in RGR was found with increase in time duration. 

Statistically non-significant differences were found in RGR of the calli calculated week wise for three 

weeks. The best grown 2 weeks old calli, shoot callus (a) and root callus (b) were used to quantify proline 

and sugar concentration and compared to cultivated plant parts (root, petiole and lamina). Callus (b) was 

significantly higher in proline content (162.337µMg-1) and the soluble sugar content was significantly 

higher (234.182 µMg-1) in callus (a)  compared to all other samples, whereas in plant parts root was found 

more efficient in proline (53.187 µMg-1)  and sugar (200.084 µMg-1) content compared to petiole and 

lamina. All samples showed statistically significant difference on both total soluble sugar and proline 

content. Results showed that S. lappa callus induction rate was high in one and two weeks old calli which 

indicated that callus should be subculture after two weeks. Callus was found to contain maximum 

concentration of both proline and sugar compared to root, petiole and lamina of the field grown plant. 

Whereas among plant parts root was found to contain high proline and sugar content compared to petiole 

and lamina. 
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Introduction 

It is a common and significant observation 

that plants unable to run away or use 

vigorous arms when attacked by animals like 

herbivore, vertebrate, mollusk, insect or 

worm. Human, animals and microbes can 

protect themselves through their well-

developed natural and acquired immune 

system, but in plants such an immune system 

is missing. Though, plants have been about 

for more than 400 million years on earth and 

successfully survived although being 
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challenged by animals and microorganisms 

[1, 2]. To overcome these problems, plants 

produced two types of metabolites; primary 

and secondary metabolites. Protein, 

carbohydrates, lipids and amino acids are 

called primary metabolites. These primary 

metabolites are very essential for growth and 

metabolism of plant. Therefore, they are 

synthesized in large quantity [3]. 

S. lappa C.B. Clarke, belongs to Family 

Asteraceae (Compositae) and commonly 

known as costus [4]. It is used against a lot 

of diseases like head ache, pain, arthritis, 

skin diseases, ulcers, cough, flatulence, 

asthma, colic, fever, general weakness [5] 

and diarrhea etc [6]. The over exploitation of 

S. lappa for diverse commercial and 

medicinal purposes gradually decreases the 

availability of this plant in wild. Tissue 

culture is the only solution for its 

conservation. The primary aim of the current 

study is to properly sterilize the explants and 

determine the relative growth rate of S. lappa 

callus at three weeks duration. Compared the 

two types (shoot callus and root callus) calli 

with cultivated plant parts for their primary 

metabolites (proline and sugar contents) and 

also determined the efficient plant part for 

them. 

Materials and methods 

Explants source and preparation of plant 

materials 

The seeds and cultivated plant of S. lappa 

were collected from the Pakistan Herbal 

Garden of Forest Institute, Agricultural 

University, Peshawar, Khyber Pakhtunkhwa 

(KP) Pakistan. The seeds were first washed 

with tape water followed by 5% solution of 

Tween-20 for 30 minutes. Then washed five 

times with distilled water followed by 

sterilization with 0.2% aqueous solution of 

mercuric chloride for 8 minutes. After 

treatment with 0.2% mercuric chloride the 

explants were again washed five times with 

sterilized distilled water. The seeds were 

placed in autoclaved petri dish containing 

filter paper and small amount of water. The 

whole procedure was performed inside the 

laminar flow [7]. 

Preparation of explants and culturing 

Four days old seedlings were taken and 

sterilized again with 0.1% mercuric chloride 

for 2 minutes and rinsed five times with 

sterilized distilled water. The sterilized 

explants were placed on MS media in flasks. 

The procedure of dissecting explants was 

done in the laminar flow under aseptic 

conditions. Before dissecting the explants, 

all the instruments were autoclaved for 20 

minutes; hands were washed with 75% 

ethanol. For aseptic manipulation the 

dissecting instruments such as sterilizing 

bottles, scalpel, blades and forceps were 

sterilized. In order to diminish the possibility 

of infection, all the instruments were dipped 

in antiseptic (ethanol) and must flame after 

every one operation [7]. 

Inoculation 
The de husked seeds, seedling, shoot and 

root explants were picked up with the help of 

sterilized forceps and inoculated in 100 ml 

flasks containing MS medium fortified with  

2-4 D + Kn (1 mgL-1 + 0.25 mgL-1) and 2-4 

D (1 mgL-1) alone and also a medium 

without growth regulators used for callus 

induction. Single explant was inoculated per 

flask. In order to get maximum sterilization, 

forceps were kept in ethanol and then burned 

with flame after every inoculation. The 

whole process of inoculation was carried out 

in a closed proximity to the flame to diminish 

the chance of contamination. The cultured 

flasks were sealed tightly with aluminum foil 

and para film and labeled after inoculation. 

Then the 100 ml flasks were placed in 

growth room, where the cultured flasks were 

kept under dark conditions. The flasks were 

monitored for contamination. Callus 

initiation of S. lappa seeds were observed 

daily. The effect of sterilization was 

observed as percentage of contamination free 

flasks containing medium and the days of 
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callus induction were noted [8]. Two weeks 

old callus was used for relative growth rate 

shoot (callus a) and root (callus b) of 

micropropagated plant were used for callus 

induction to determine proline and soluble 

sugar content. 

Relative growth rate per week 
For the determination of the callus Relative 

Growth Rate the process of Shah et al. [7] 

was used. Initial fresh weight and final fresh 

weight of the callus was recorded. The callus 

growth was expressed as relative growth rate 

(RGR) week-1using equation (A) as given 

below: 

RGR = In (final weight of callus) – In (initial 

weight) / 2 week-1 

Callus was harvested after several 

subsequent sub cultures. For further proline 

and sugar analysis callus of 2 weeks old was 

selected. 

Organic solutes extraction 
The procedure of [9] was used to extract the 

organic solutes; 0.2g fresh tissues frozen in 

liquid nitrogen were homogenized at room 

temperature in 4 ml methanol: chloroform: 

water (MCW) (12:5:1/V) and for five 

minutes centrifuged at 3 x 1000 rpm. The 

supernatants were removed and re-extracted 

the pellets in the same volume of extraction 

buffer (MCW). For the separation of upper 

methanol water layer and lower chloroform 

layer, 3 ml water and 2 ml chloroform was 

added to every 8 ml of extract. With the help 

of Para film the extract was Stoppard tightly, 

stored in dark at 40C, and was used for the 

purpose to determine total soluble sugars and 

proline. The method of Singh et al. [9] was 

used for proline determination. Acid 

Ninhydrin, 6 molar phosphoric acid, Glacial 

acetic acid and Toluene were used as 

reagents. To prepare Acid ninhydrin, 3.75 g 

ninhydrin was warmed in 60 ml of 6 molar 

phosphoric acid and 90 ml glacial acetic 

acid, agitated until dissolved while 6 molar 

phosphoric acid was prepared by making the 

volume of 395 ml phosphoric acid up to 1000 

ml. 

From the upper water and methanol fraction 

layer of each one extract, 0.2 ml of sample 

were taken in test tubes and added 0.8 ml of 

water, 1.5 ml acid ninhydrin as well as 1.5 ml 

glacial acetic acid. For about 45 minutes 

these samples were heated in a boiling water 

bath and then were cool in cold water. At last 

5 ml toluene was added. For two layers 

separation, test tubes containing samples 

were shake at vortex mixer and then left for 

about 30 minutes. Four standards (0, 0.2, 0.5, 

1 µM) of L-proline were prepared and at 515 

nm absorbance was measured against a 

toluene blank on UV visible 

spectrophotometer (UV-700). 

Total sugars estimation 

Total soluble sugars were measured by 

Dubois et al., [10] method. Methanol/water 

(by volume 67:43), 5% phenol, concentrated 

sulphuric acid and D-Glucose were used as 

reagents. 

From the extraction upper layer 0.2 ml of 

sample was taken in test tube and was added 

1.8 ml of distilled water. Then added 1 ml of 

5% phenol and at last 5 ml of concentrated 

sulfuric acid was added but with a rapid 

delivery pipette that was given dark color. 

The test tubes were shaked for 10 minutes 

and placed at 25°C to 30°C in a water bath. 

Standards of D-Glucose (0, 2, 5 µM) was 

prepared and measured the absorbance at 

490nm against D-glucose blank on UV 

visible spectrophotometer (UV-700).  

Statistical analysis 
The whole experimental data was one 

factorial set up conducted with completely 

randomized design (CRD) with three 

replications per treatment. 

Results 

Relative growth rate of calli at three 

different times 
The calli data of RGR week-1 is illustrated in 

the (Figure 1). The RGR week-1 of seedling 

calli was calculated on the basis of callus 
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fresh weight. The (Figure 1) indicates the 

results of three weeks. Callus showed 

maximum growth after one week (0.158 

week-1) followed by two weeks old callus 

(0.141 RGR week-1) while three weeks old 

callus showed less (0.115) RGR week-1. 

With increase of time duration a little 

decrease was found in RGR. ANOVA 

showed overall non-significant difference 

between the calli RGR week-1 (Figure 3 & 4). 

Relative growth rate of calli from 

different explants 

The relative growth rates of different 

explants were determined after 15 days of 

subculture. It was observed that the 

totipotency rate was high in young explants. 

The highest 0.141 RGR week-1 was found in 

seedling callus while the lowest 0.016 RGR 

week-1 was observed in lamina derived 

callus. However, non-significant results 

were occurred between root (0.098 RGR 

week-1) and petiole (0.082 RGR week-1) 

derived callus. The (Figure 2) shows the 

relative growth rate of four different 

explants. 

Proline content in in vitro calli and plant 

samples 
The data regarding proline contents in shoot 

derived callus (callus a), root derived callus 

(callus b), cultivated plant root (root a) 

collected from Forest Institute Peshawar is 

illustrated in (Figure 3). Results showed that 

root callus (callus b) had significantly higher 

(162.33 µMg-1) proline contents compared to 

root (143.833 µMg-1), shoot callus (callus a) 

(53.187 µMg-1), petiole (25.899 µMg-1) and 

lamina (19.368 µMg-1). Further the highest 

level of proline accumulation was observed 

in roots of S. lappa plant compared to petiole 

and lamina. ANOVA showed higher 

significant differences in proline content of 

tested samples. 

Total soluble sugar content: 
Data presenting total soluble sugar content is 

presented in (Figure 4). Petiole and lamina 

showed significant differences from other 

tested samples. The content of soluble sugar 

was higher (234.182 µMg-1) in callus (b) 

compared to all other samples. Callus (a) 

(207.258 µMg-1) and root (200.084 µMg-1) 

showed less difference from each other. 

However, root showed higher concentration 

than lamina and petiole. Petiole showed 

minimum concentration of soluble sugar 

(30.088 µMg-1) compared to callus (b), 

callus (a) and roots but greater than lamina 

(12.593 µMg-1) which showed much less 

concentration. ANOVA showed statistically 

significant difference on total soluble sugar 

accumulation.
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Figure 1. The effect of days on calli relative growth rate. The data in graph are the means of 

three replicates ± SD. 
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Figure 2. Relative growth rate of different explants. Differences between graphs are the 

means of three replicates ± SD. 
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Figure 3. Concentration of proline in different samples. Data presented in graph are the 

means of three replication ± SD. 
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Figure 4. Concentration of total soluble sugar in test samples. Differences between graphs 

are the means of three replicates ± SD. 
 

Discussion 

Callus relative growth rate 
The highest callus content was found in 

seven days and 14 days old cultured callus 

(Figure 1) and also calli were healthy and 

white in color. After two weeks the RGR 

reduced and calli turn brown in color. Thus, 

calli were maintained at two weeks intervals 

with subcultures onto a new medium to 

generate stable callus cultures and to sustain 

callus viability. From the results it is cleared 

that increase of time duration bring a little 

decrease in RGR because the age of the 

callus play very important role in 

regeneration. Generally calli with less age 

have more totipotency as compared to old 

calli. Callus culture on MS medium without 

any stress was found to be healthier for two 

weeks (14 days). The calli were looked light 

yellow to whitish in color. But after two 

weeks the calli were turned brown. The 

browning rate was observed good indicator 

of callus sensitivity and showed that 

increasing time duration is lethal for calli of 

S. lappa. Thus it was better to subculture 

callus on fresh medium after every 14 days 

of culture. Similar reports in some previous 

work have been reported [11-13]. In two 

weeks old callus the cells vacuole increased 

in size and accumulate maximum water. 

These results are supported by Al-Taha, [14] 

that calli cultured on MS medium gave the 

highest water content and fresh weight 

(RGR). The calli relative growth rate was 

decreased with increase of culture duration 

as due to deficiency in water content in 

media some cells become die. These results 

were also described by Nawaz et al. [11]. 

However, Ahmad et al. [15] reported that 

content of sodium ions affects the dry weight 

of calli as maximum content of sodium ions 

in callus culture increased dry weight of 

callus in rice. 

Different explants and callus induction 
Regarding the morphogenic potential of 

different explants (seedling, seed and lamina, 

petiole and root from micropropagated plant) 

of S. lappa used for induction of callus which 

started at the cut edges and covered the entire 

surface of explants after several subsequent 

subcultures. All the explants were responded 

different significantly from each other 
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(Figure 2), when cultured on same MS media 

supplemented with similar growth regulators 

combinations. As growth regulators in vitro 

induces callus formation by stimulating cell 

division, cell growth and DNA replication. 

The signaling networks of hormones 

influence the parameters of cell cycle and 

establish functional links between the cell 

cycle regulatory mechanisms and genes 

involved in formation of callus. The seedling 

about three days old was used because it was 

generated from sterilized seeds placed in 

petri dishes in sterilized distilled water only. 

There was no growth regulator or nutrients 

so the chances of tissue death was high, thus 

used after 3 days. Roots, lamina and petiole 

taken from micropropagated plant were 

found efficient for callus initiation and 

production because the totipotency is high in 

young plant parts. It may be due to minimum 

combination of growth regulators of explants 

whereas, the growth regulators combination 

in petiole, root and seedling explants were 

high. The leaf explants taken from field 

grown plant took 56 days to initiate callus. 

Our results coincide with the previous 

findings [16-18] Similar findings were 

reported by Abdel-Rahim et al., [19] and 

Huang et al., [20], that roots and petiole are 

efficient in callus initiation while lamina 

took more days and also produce less amount 

of calli. 

Calli produced was very soft, compact, 

globular and light green in case of petiole 

and root explants while found friable, white 

from lamina explants at the beginning of the 

culture period and after several subcultures 

all calli turned whitish in color. After 18-20 

days it turned dark gray. Calli darkening was 

almost certainly due to some the phenolic 

compounds production and oxidation, 

released by the explants. Thus, calli were 

maintained at two weeks intervals with 

subcultures in a new medium to generate 

stable callus cultures and to sustain callus 

viability of S. lappa, otherwise the calli 

became dark and growth ceased. These 

results concide with some other reports [21-

23]. 

Proline and soluble sugar content 
Proline and soluble sugar contents were 

determined because these are the primary 

metabolites of the plant and provide energy 

for the production of secondary metabolites. 

Further, high content of total soluble sugars 

is essential for the production of energy, 

cellular membrane stabilization, turgor 

maintenance, and verification of the 

cytoplasm and signaling which possibly give 

plants/cells tolerance against heavy metal 

stress. Total soluble sugar and proline appear 

to protect hyacinth bean from osmotic and 

ionic stress induced by Zn stress [24]. The 

content of proline was higher significantly in 

root calli (callus b) followed by cultivated 

plant root while shoot calli (callus a), petiole 

and lamina showed lower proline contents 

(Figure 3). As the temperature of growth 

chamber was less than the external 

environment and according to Putnik-Delic 

et al. [25] proline content is high in plants of 

cold regions. This comparative lower 

temperature of growth chamber than external 

environment may cause increase in proline 

contents of root calli. Similarly lower 

contents in petiole and lamina justified the 

statement because these plants were 

collected from regions with comparatively 

higher temperature. On the other hand lower 

proline contents in shoot calli did not justify 

the statement. The highest level of proline 

and sugar was observed in callus (b) and root 

of S. lappa plant compared to petiole and 

lamina. Such accumulation of proline and 

soluble sugar has been reported in some 

other medicinal plants as well [3, 25, 26]. 

However, the content of soluble sugar was 

significantly higher in callus (a) compared 

root, petiole and lamina.  Callus (b) and root 

showed less difference in sugar 

concentration from each other but it was 

higher than lamina and petiole (Figure 4) 
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because tap roots contained more or 

additional sugars than leaf and stem of plant. 

Similar findings were reported by Marler and 

Lindstrom [27]. 

Conclusions 
S. lappa is an important and endangered 

medicinal plant. Serious efforts are needed to 

conserve it by rapid in vitro technique. It is 

concluded from our work that callus of S. 

lappa needs to be subculture on to fresh 

culture medium after 14 days. The primary 

metabolites are observed higher in 

concentration in plant root and also in root 

derived calli.  
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