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ABSTRACT 

 

Mutagenesis by means of gamma rays has played an important role in producing new mutants with improved 

properties which can produce higher amounts of commercially important metabolites. Cajanus cajan when 

subjected to absorbed doses 0Gy, 30Gy, 50Gy, 100Gy, 150Gy and 200Gy showed a significant (p<0.05) differences in 

total luteolin content between treatments and control following variable doses of gamma radiation under both in 

vivo studies and in vitro studies. Maximmun content of luteolin (1.909mg/gm dry wt.) was found to be in the 

regenerative calli irradiated with absorbed dose 150Gy, where as 0.669mg/gm dry wt. was found in leaves irradiated 

with 150Gy grown under in vitro conditions. Minimum content of luteolin (0.319 mg/gm dry wt) was found in leaves 

irradiated with 30Gy grown under field conditions. Conclusively, thus it appears from the present observation that 

some of the cultures of C. cajan are tolerant to gamma irradiation and over produce luteolin. Elicitation of 

secondary metabolites has applications in over production of desired compounds, which is an area of commercial 

importance especially for high value low volume products.  
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INTRODUCTION 

Nuclear techniques have approached the world scene with the corporate mission of using atomic energy for peace, health 

and prosperity including sustainable agricultural development and improved food security. The most vital benefit that 

atomic energy can bring to agriculture is an increase in crop yields by producing new varieties of plants through radiation 

induced genetic changes or by directly stimulating growth. Prime among these atomic energy sources are gamma rays. γ 

rays are the most energetic form of electromagnetic radiation , and possess an energy level from 10 keV (kilo electron volts 

) to several hundred keV , and they are considered as the most penetrating radiation source compared to other sources such 

as alpha and beta rays (Kovacs and Keresztes, 2002). 

Mutation induction with radiation is most frequently used method to develop direct mutant varieties, as improvement with 

limited genetic variation [Elliot,2004], [Yaqoob, 2001]. Mutagenesis by means of gamma rays has played an important role 

in the producing new mutants with improved properties which can produce higher amounts of commercially important 

metabolites [Sanada, 1986]. Concerning the effect of γ –irradiation on phenolic compounds different results were reported. 

The differences were mainly due to the species of the plant and the dose applied.  The irradiation of traditional medicines 

and herbal products does not result in any negative chemical changes or important losses of active components[Soriani, 

2005],[Mishra, 2007],[Lee,2005]. The increase in extraction yields with radiation treatment has also been reported by 

Haung and Mau (2007)], Variyar, Bandyopadhay , and Thomas (1998) found increased amount of phenolic acids in 

irradiated cloves and nutmeg. Effect of γ-irradiation at 10kGy on the free radical and antioxidants contents in nine aromatic 

herbs and spices (basil, bired pepper, black pepper, cinnamon, nutmeg, oregano, parsley, rosemary and sage) were studied 

by Calucci et al ., (2003) . Various studies on effects of γ irradiation on active principles in plants are summarized in (Table 

I). 
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Cajanus cajan L. is a perennial member of the family Fabaceae, used in the treatment of kidney ailments, hepatitis, 

measles, sickle cell anemia, abdominal tumors, diabetes and traumatism. It is also used as an anti-inflammatory and 

antibiotic effects as well as a sedative drug. In China, Cajanus cajan is considered as an excellent “Traditional Chinese 

Medicine” for therapy of ischemic necrosis of femoral head. It also contains some polyphenols, especially flavonoids 

known for their pharmacological applications used for the treatment of various human ailments.  Its luteolin (LU) content is 

higher than those of other flavonoids. LU exhibits notable pharmacological effects.  

Luteolin is one of the most common flavonoids present in edible plants and in plants used in traditional medicine to treat a 

wide variety of pathologies. Luteolin has also shown anti-allergic activity and in protecting plants against ultraviolet 

radiation. The antioxidant activity of luteolin has not only been observed in vitro but also in vivo [Quisheng, 2005],[Shimoi, 

1994]. Several works have shown that luteolin, its glycosides or plants containing these flavonoids exert radioprotective 

and anticancer effects [Nayak, 2005],[Shimoi, 1996],[Vrinda, 2001],[Uma, 2001],[Devi, 1998],[Morquio, 2005]. Elangovan 

et al., 2004 observed that diets containing 1% luteolin reduced the incidence of fibrosarcoma in mice induced by 

subcutaneous injection of 20- methylcholanthrene. This flavonoid reduced the elevated levels of lipid peroxides and 

cytochrome P450 as well as the reduced activity of gluthathione-S-transferase induced by 20- methylcholanthrene   

Till date there is no report asserting the use of gamma radiation as a physical elicitor to alter the phytochemical activity of 

luteolin in Cajanus cajan. Thus the aim of the present investigation conducted was to embark upon this issue by performing 

the phytochemical studies of luteolin in Cajanus cajan after exposures of pre-sowing (seeds) to variable doses of gamma 

rays under in vivo & in vitro conditions. 

MATERIALS AND METHODS 

 Cajanus cajan L. was selected for the present study. The seeds were irradiated with gamma radiation of absorbed doses 

0Gy, 30Gy, 50Gy, 100Gy, 150Gy and 200Gy for in vivo & in vitro studies. The device used was Gamma Cell GC-5000 

BRIT–BOMBAY. The source of gamma radiation was Cobalt-60; with a dose rate 2.08 Kilo Gray per hour (2.08 KGh
-1

) at 

Indian Institute of Nuclear Medicine and Applied Sciences (INMAS) New Delhi.  

Extaction and quantification of luteolin: 

Preparation of plant extracts sample solutions 

The samples collected from in-vivo grown plant & in-vitro irradiated cultures were used for quantification of luteolin in 

different samples.  The material was dried at 50°C in an air dryer for 48 h. Dried material was powdered by a disintegrator 

and then sieved (20-40 mesh). 5g pigeon pea leaves powder was extracted with 100ml of ethanol-water (80:20, v/v) 

solution in an ultrasonic bath for 15 min, repeated three times. The extracted solutions were combined and centrifuged at 

6000 rpm for 10 min using a centrifuge. The supernatant extracts were concentrated to dryness by removing the ethanol 

solvent in a rotary evaporator at 55 °C, and Cajanus cajan extracts residue was obtained.  All solutions prepared for HPLC 

were filtered through 0.45μm nylon membranes before used.  

HPLC analysis of Luteolin  

The HPLC analysis was carried out on a Waters liquid chromatographic system (Waters Company, USA) consisted of 

Millennium32 system software, Model Waters Delta 600 pump, and Model Waters 2996 Photodiode Array Detector 

(PAD). Chromatographic separation was carried out by HIQ sil C18V reversed-phase column (4.6 mmΦ×250 mm, KYA 

TECH Corporation, Japan) packed with 5 μm diameter particles, the mobile phase was acetonitrile-water-acetic acid 

(30:69.3:0.7, v/v/v). The mobile phase was filtered through a 0.45 μm membrane filter (Millipore, USA), and then 

deaerated ultrasonically prior to use. LU was quantified by a PAD at 347 nm following RP-HPLC separation. The flow rate 

was 1 ml/min, the injection volume was 25 μl, the column temperature was maintained at 30 °C, and the retention time of 

LU was 12.1 min. The chromatographic peak of the LU was confirmed by comparing its retention time and UV spectrum 

with that of the reference standard. The working calibration curve based on LU standard solutions showed good linearity 

over the range of 0.5-100 μg/ml. The regression line was Y = 117890X − 18301(R
2 

= 0.9997, n = 8), where Y is the peak 

area of LU and X is the concentration of LU (μg/ml).  

Statistical Analysis  

Each experiment was performed three times and all the determinations obtained from three replicates (N=3). The data 

values were submitted for analysis of variance for each factor (dose and developmental stages) and their interaction. One-

way analysis-ANNOVA (HSD, P≤0.05) test (GraphPad Prism 5, 2003 Analytical Software) was used. 

http://en.wikipedia.org/wiki/Family_(biology)
http://en.wikipedia.org/wiki/Fabaceae
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RESULTS 

Isolation of Luteolin by HPLC Method 

Comparing the integration peaks, there was significant differences in total luteolin content between treatments and control 

following variable doses of gamma radiation under both in vivo studies and in vitro studies (Fig1). Overall, gamma 

irradiation effectively increased the luteolin content in Cajanus cajan. Differences in the relative content of luteolin 

between the control and gamma radiation, treatments were significant (p<0.05). However, there are differences in the yields 

of luteolin. 

Maximum accumulation of luteolin was observed with absorbed doses 100Gy and 150Gy. Maximmun content of luteolin 

(1.909mg/gm dry wt.) [Fig.1] was found to be in the regenerative calli irradiated with absorbed dose 150Gy, where as 

0.669mg/gm dry wt. was found in leaves irradiated with 150Gy grown under in vitro conditions [FIG.2]. Minimum content 

of luteolin (0.319 mg/gm dry wt) was found in leaves irradiated with 30Gy grown under field conditions. 

 

Fig1:  Variation in luteolin content (mg/gm dry wt.) in various samples treated with doses of 

gamma radiation. 

DISCUSSION 

Active metabolite content: 

During the 80-ies the influence of gamma irradiation on different properties of some pharmaceutical plants was investigated 

by various authors [Aladjadiyan,2007],[Aladjadiyan, 1997], [Aladijiyan, 2003],[Selenia, 1979],[Youssef, 1998], [Deaf, 

2000],[Mahmoud, 2002],[Zheljazkov, 1996]. Pre- sowing irradiation is one of the most effective methods to improve plant 

production, yield components and chemical composition [Khan, 1970],[Youssef, 1998]. Luteolin is one of the most 

common flavonoids present in edible plants and in plants used in traditional medicine to treat a wide variety of pathologies. 

The antioxidant activity of luteolin and its glycosides has been associated with their capacity to scavenge reactive oxygen 

and nitrogen species[Kio, 1998],[Cai, 1997],[Horvathova, 2005],[Odontuya, 2005]. Lemanska, et al ., 2004 to chelate 

transition metals that may induce oxidative damage through the Fenton reaction  [Mira, 2002],[Cheng, 2000] to inhibit 

prooxidant enzymes [Hu C, 2004],[Kong, 1999],[Nagao,1999],[Sadik, 2003] to induce antioxidant enzymes [Chai.BM, 

2008],[Lim. JH, 2007],[Wruck, 2007]. The antioxidant activity of luteolin has not only been observed in vitro but also in 

vivo[Quisheng, 2005], [Shimoi, 1994], [Kim. JH, 2004]. 

Flavonoids are known to have anti-inflammatory properties [Kim. JH, 2004]. Numerous papers have reported that luteolin, 

its glycosides, or plants containing luteolin have antiviral [Tshikalange. TE, 2005],[Yi. L, 2004], [Liu. AL, 2008] and 

antifungal activity.[De Campos MP,2005], [Sartori. MR, 2003].  
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Several in vivo studies suggest that luteolin has cancer chemopreventive potential. Elangovan et al., 2004 observed that 

diets containing 1% luteolin reduced the  incidence of fibrosarcoma in mice induced by subcutaneous injection of 20- 

methylcholanthrene. This flavonoid reduced the elevated levels of lipid peroxides and cytochrome P450 as well as the 

reduced activity of gluthathione-S-transferase induced by 20- methylcholanthrene. It is accepted that flavonoids such as 

luteolin play an important role in protecting plants against ultraviolet radiation [Harborne ,2000],[Antogoni, 2007]. Several 

works have shown that luteolin, its glycosides or plants containing these flavonoids exert radioprotective effects in vitro 

[Nayak, 2005],[Shimoi, 1996],[Vrinda, 2001],[Uma, 2001],[Devi, 1998],[Morquio, 2005]. 

The increase in the quantity of some constituents as affected by gamma irradiation may be attributed to the fact that some 

natural chemical constituents are released from their precursors due to degradation resulting from irradiation. Harison and 

Were (2007)and Adamo et al., 2004 reported that phenols are increased by gamma irradiation due to the release of phenolic 

compounds from glycosidic components and the degradation of polyphenolic compounds into soluble phenols as well as 

other small metabolites The ability of gamma irradiation to increase polyphenolic acids in plant material has also been 

observed in soybeans. Soybean samples treated with gamma irradiation at levels ranging from 50 to 150Gy had increased 

free polyphenolic acids [Variyar . PS, 2004], Siddhuraju et al.,(2002) attributed such increase in polyphenolic acids to 

higher extractability by depolymerization and dissolution of cell wall polysaccharides due to gamma irradiation. Moreover, 

gamma irradiation was known to increase the activity of phenylalanine ammonia lyase, which is responsible for the 

synthesis of polyphenolic acids [Sidduraju P, 2002]. 

In the present study, comparing the integration peaks, there was a significant difference in total luteolin content between 

treatments and control following variable doses of gamma radiation under both in-vivo studies and in-vitro studies(Fig.1) . 

Overall, gamma irradiation effectively increased the luteolin content in cajanus cajan. .Maximmun increment was recorded 

in the regenerative calli irradiated with absorbed dose 150Gy( Fig.2). 

30 Gy (leaves in-vivo grown) 

 

150Gy (leaves in-vitro grown) 

 

 
 

150Gy (regenerative calli) 
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Fig2: HPLC profile of different samples of Cajanus cajan grown under in vivo & in vitro 

conditions treated with different absorbed dose of gamma radiation. 
 

The increase in extraction yields with radiation treatment has also been reported by haung and Mau (2007).Similarly, Kim, 

yook, and Byun (2000) found an in increase in the extraction yields after treating medicinal herbs with gamma irradiation. 

There is no information available in the literature on the effect of ionizing radiation on the phenolic content of cajanus 

cajan .  

Variyar, Bandyopadhay, and Thomas (1998) found increased amount of phenolic acids in irradiated cloves and nutmeg. 

Harison and Were (2007) also reported increase in total phenolic content of gamma – irradiated almond skin extract , as 

compared to control samples. Similarly, Huang and Mau (2006) reported a higher content of tocopherols in irradiated than 

control samples.  

CONCLUSION 

Conclusively, the results obtained from the present study prompted us to speculate that Cajanus cajan seeds exposed to 

variable doses of gamma radiation showed persistence changes in the luteolin content under both in vivo & in vitro 

conditions. Cultured cells and tissues have been found to accumulate secondary metabolites in excess compared to grown in 

natural environment. In our studies, in vitro grown cultures produced more luteolin than field grown plant. Among various 

gamma radiation doses, maximum luteolin was found in 12 weeks old regenerative callus at 150Gy absorbed dose. Thus it 

appears from the present observation that some of the cultures of C. cajan are tolerant to gamma irradiation and over 

produce luteolin. Elicitation of secondary metabolites has applications in over production of desired compounds, which is 

an area of commercial importance especially for high value low volume products. Agrobacterium mediated transformation 

of DNA and similar type of biotechnological approaches may be useful in future to produce transformed variety producing 

maximum yield of secondary metabolites. 
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Table. I Effects on gamma radiation on the  metabolite content different species. 

Dosage applied & 

duration of irradiations  

Species  Plant part or 

age/ stage of 

plant growth 

for y-

irradiation 

Metabolites content/yield References 

1,3,5,10 and 20 kGy Angelica gigas Nakai  Leaves The major volatile compounds were 

identified 2,4,6-trimethyl heptanes, 

a-murrolene and sphatulenol, a-

limonene, udesmol, a-murrolene 

and sphatulenol. The irradiated 

samples at doses of 1,3,5,10 and 20 

kGy were 8.82% and 82.58%, 

respectively 

Seo et al., 

2007[21] 

2,4,8,10, 12 and 16 

kGy 0.96 kGy/h 

Kalungi (Nigella 

sativa) 

Seeds Extraction yields increases were 

3.7%, 4.2%,5.6% and 9.0% for 

hexane, acetone, water and 

methanol extracts. Phenol content 

increased from 3.7 for control to 

3.8mg/g for 16 kGy. 

Khattak et al., 

2008[22] 

50,80,110 and 150 Gy. 

Dose rate 0.54 Gy/min 

Atropa belladonna L. Seeds Seeds irradiated at 110 Gy 

possessed 4.01 mg/g and 109.67 

mg/plant twice alkaloid value than 

control (2.03 mg/g and 53.41 

mg/plant). 

Abdel Hady 

et al., 

2008[23] 

2,4,8,10,12 and 16 kGy 

0.96 kGy/h 

Kalungi (Nigella 

sativa) 

Seeds Extraction yields increases were 

3.7%, 4.2%,5.6% and 9.0% for 

hexane, acetone, water and 

methanol extracts. Phenol content 

increase from 3.7 for control to 3.8 

mg/g fo r16 kGy. 

Khattak et al., 

2008[22] 

0,10,20,30,40,50,60 

and 70 Gy 4.64 kGy/h 

Orthosiphon 

stamineus  

Shoot tips  Rosamarinic acid content was 

lowest 5.27 mg/g fw in plantlets 

irradiated at 10kGy and highest 8.40 

mg/g fw at 30 Gy. 

Kiong et al., 

2008[24] 

50,80,110 and 150 Gy, 

dose rate 0.54 Gy/min 

Atropa belladonna L. Seeds Seeds irradiated at 110 Gy 

possessed 4.01 mg/g and 

109.67mg/plant twice alkaloid value 

than control (2.03 mg/g and 53.41 

mg/plant). 

Abdel Hady 

et al., 

2008[23] 

5,10, and 15 kGy, The 

activity of the source 

was 6.345 Kci and the 

energy 1.25 Mev  

Camel 

hay(Cymbopogon 

schoenanthus) 

Leaves 21% reduction in tannins as a result 

of gamma irradiation and phenol 

content by more than 25% at 15 

kGy 

Musa et al., 

2010[25] 

  


