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Abstract:The present experiment was carried out to study the effectof some inducers i.e. casein (0.5, 1, 1.5 and 2 

g), gibberellic acid(0.1, 0.5,1 and 2 ppm) and sucrose(45,60, 75 and 90 g) on callus growth, terpenesproduction 

(ginkgolide A and bilobalide) and some biochemical constituents in Ginkgo biloba L. callus. Data showed that 

the highest callus induction was shown on Murashige and Skoog (MS) medium supplemented with 1.0 mg/l of 

NAA and 1.0 mg/l kinetin. The highest amount of ginkgolideA(0.269 mg/g fresh weight) was recorded at rate 0.5 

g of casein. While, highest concentration of bilobalide (4.00 mg/g) was obtained with75 g/l sucrose. In the same 

direction, the maximum value of callus weight was associated with the highest concentration of gibberellic acid 

(2 ppm) compared with the control.  On the contrary, the lowest fresh weight is obtained by the addition of the 

high concentration of sucrose 90 g/l. While, the maximum value of malondialdehyde and hydrogen peroxide are 

associated with the highest concentration of sucrose. In conclusion, Ginkgo bilobaL.callus cultured showed 

capacity for producing ginkgolide A and bilobalide and could be an alternative renewable natural source for its 

large scale production. Moreover, some of inducers may contribute to increase active constituents with reduced 

the cost production in callus culture of Ginkgo biloba L. 

Keywords:Ginkgo biloba L., growth of callus, ginkgolideA,bilobalide, malondialdehyde, hydrogen peroxide 

andamino acids 

----------------------------------------------------------------------------------------------------------------------------- ---------- 
 

I. Introduction 
Ginkgo bilobaL. is a tree belonging to family (Ginkgoaceae), it is considered one of the endangered 

plants in Egypt which requires the conservation and maintenanceby conventional methods or using modern 

technologies in the field of biotechnology (Brenner et al., 2005 and Bekhitet al., 2008).It is one of the most used 

medicinal plants for more than 2,000 years, which used   for  the improvement of the peripheral and central blood 

circulation, arterial occlusive disease, vertigo and against demential disorders (memory impairment and 

concentration difficulties) (Warrier and  Corzine, 2000).In Europe and the USA have been interesting of 

production pharmaceutical products from Ginkgo bilobaL.(Cassileth, 2011). Standardized ginkgo leaf extract 

obtained from dried leaves contain 3.1 % ginkgolides, 2.9% bilobalide and 2.4% flavonoids (Drieuet 

al.,2000;Van Beek and Montor, 2009).  This extract used for treatment many diseases due to its therapeutic 

actions in regulating cereberal blood flow, protecting against free radicals and dealing the progress of dementia  

and diabetes (Cheng et al., 2009; Weinmannet al .,2010 and Zhou et al., 2011). 

Bilobalide is considered sesquieterpene and have related to Ginkgolides but differ from ginkgolides by 

the absence of tetrahydrofuran ring(Tanakaet al., 2011), where ginkgolides have been used in treating disorders 

such as asthma which inhibit allergic responses(Braquetet al., 1987).Ginkgo bilobaextract contains twoimportant 

active pharmaceutical components; flavonoids and terpene lactones which are used in treatment of 

cerebrovascular diseases such as coronary heart disease and high blood pressure(Nakanishi, 2005; Mahadevan 

and Park, 2008; Lu et al., 2011and Cheng et al., 2014). Also,Kanowskiet al., (1997) showed that Ginkgobiloba 

has therapeutic potential in slowing some of the symptoms associated to primary stages of Alzheimer’s disease. 

There are many researches which showed the importance of use chemical inducers such as (nitrogenic 

compound, hormones and sugars).In this regard, casein used  by Abyariet al., (2016) and gibberellic acid 

byHendawey and Abo El Fadl (2014),and sucrose byThiruvengadamet al., (2016 ) for  increasing  the content of 

active constituents  in produced callus. Malondialdehyde is used as biomarker to measure the level of oxidative 

stress in organism (Del Rio et al., 2005). Hydrogen peroxide is considered a weak  oxidizing agent which cross 

cell membrane rapidly and reacts with Fe
+2 

and possibly Cu
+2 

ions to form the damaging toxic hydroxyl radical 

(Mandal et al., 2012) and it may act as secondary  messenger to regulate the antioxidant defense under stress 

conditions (Quanet al., 2008 ).Amino acids can be used to synthesize the necessary proteins and other molecules 

to support growth(Javedet al., 2013). 
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This research aims to study the effect of some chemical inducers (casein, gibberellic acid and sucrose) 

with different concentrations on callus induction, callus growth rate and the production of ginkgolide A and 

bilobalide. Also, biochemical constituents such as malondialdehyde, hydrogen peroxide and combined amino 

acids were determined in Ginkgo bilobaL. callus. 

 

II. Materials And Methods  
Plant material collection  
One year old branches were taken from up to 30 years old male tree of GinkgbilobaL. grown in the Egyptian 

Botanical Garden(Orman). The leaves (green and healthy) were excised from the branches in the second week of 

April in season 2014. 

 

Plant material sterilization 
  The leaves of G. biloba were washed under running tap water followed by detergent for 5 minutes. The 

surface of leaves were sterilized under aseptic condition by immersion in 70% ethanol for 30 seconds, and   then 

rinsed three times with sterilized distilled water and transferred to 0.1% mercuric chloride (w/v) for 2 minutes, 

followed by rinsing sterile distilled water. All leaves explants sterilized in 40% (v/v) commercial bleach (Clorox) 

5.25 %(w/v) available chlorine, sodium hypochlorite solution with one drop of Tween 20, vigorously shaken for 

20 minutes, and rinsed three-four times with sterile distilled water. Subsequently, the leaves explant exposed to 

the sterilization agent were cut into 1 cm long under a laminar flow hood. 

 

Culture conditions and callus induction    
To induce callus formation,  the sterilized  leaves were cut length wise and cultured onMurashigeand 

Skoog (1962)basal medium (MS) supplemented with (100 mg/l) my-inositol, (30g/l) sucrose, (1.0 mg/l) 

naphthalene acetic acid , (1.0 mg/l) kinetin and solidified with (2.5g/l)phytagel.  The pH of the medium was 

adjusted to 5.7 with 0.1N HCl and 0.1N NaOH, before autoclaving at 121ͦ C for 20 minutes. The culture was 

incubated in dark at 25± 2 ͦ C and harvested after 30 days. 

 

Active constituentspromotion 

To promote active constituents in G.biloba callus, equal amount of callus (2g) was cultured on MS basal medium 

(as previously mentioned, which gave the best growth parameters) with some chemical inducers. The experiment 

included three treatments with different levels compared with control as follows: 

 Control (without casein, gibberellic acid and sucrose) 

 Casein  hydrolysate at 0.5, 1.0, 1.5 and 2.0 g/l 

 Gibberellic acid at 0.1, 0.5, 1 and 2 ppm 

 Sucrose  at 45, 60, 75 and 90 g/l 

 

After 30 days from culture, the samples of fresh G.biloba callus were collected to determine some growth 

parameters, terpenesproduction (ginkgolide A and bilobalide) and some biochemical constituents. 

 

Qualitative and quantitative identification of active constituents 

Extraction of active constituents 

Ginkgolide A and bilobalide were extracted from 6 g fresh weight of callus by mortaring in methanol 

10ml after dilution with an equal volume of water. Ethyl acetate (20ml) was added to the resultant mixture, and 

the mixture was shaken on a vortex mixer for 40 minutes and then centrifuged at 3000 rpm; the ethyl acetate 

phase was transferred to a glass tube. The extraction procedure was repeated five times. Upon extraction, the 

combined ethyl acetate layer was evaporated by nitrogen at 50
o
C.  The residue was dissolved in 2 ml of 

methanol, and the samples stored frozen in a sealed vial until separation of active constituents by High 

Performance Liquid Chromatography (HPLC) in Central lab of Desert research Center (DRC).                        

 

HPLC conditions 

Active constituent of G. bilobaL. callus were determined by High Performance Liquid Chromatography 

(HPLC) according to the method of Cheng et al.,(1998).The HPLC system was a Dionex Ultimate 3000 

equipped with an auto- sampler, quaternary pump and a diode array detector. Samples were chromatographed 

BDShypersil C18 (4.6 x 250 mm, particle size 5µm). Separation was performed with methanol and water 

(23:77v/v) as the elusion solvent rate of 1ml/minute and the detection wave length was 205/220 nm. The peak 

area and the percentage of ginkgolide A and bilobalide were calculated using an external standard by computer 

software of HPLC.  
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Malondialdehyde content 

The level of lipid peroxidation in G.bilobaL. callus was quantified by determination of malondialdehyde content 

(MDA), breakdown product of lipid peroxidation according to Health and Packer (1968) and modified by 

Zahoetal (1994).Two gram of callus was homogenized in a 1 ml of 0.1 % (w/v) trichloroacetic acid with a 

prechilled mortar and pestle. The homogenate was spun at 14,000 rpm for 5 minutes. 2 ml of TBA reagent was 

added to 0.5 ml of the supernatant. The mixture was heated at 95
o
C for 15 minutes and cooled immediately. The 

absorbance was read at 532 nm and the value was corrected for nonspecific absorption at 600 nm in 

spectrophotometer (Spectronic Genesys.5).The concentration of MDA-TBA complex in G.biloba callus was 

converted from ppm (calculated from MDA standard curve) to µmol / g fresh weight.  

 

Hydrogen peroxide content 

Hydrogen peroxide levels were determined according toVelikoveaet al.,(2000). One gram of callus 

Ginkgo biloba was homogenized in an ice bath with 1 ml 0.1% (w/v) trichloroacetic acid.  The homogenate was 

centrifuged at 12.000rpm for 15 minutes and 0.5 ml of the supernatant was added to 0.5ml of 10 mM potassium 

phosphate buffer (pH 7.0) and 1ml of 1M KI. The absorbance of the supernatant was measured at 390 nm. The 

content of hydrogen peroxide was determined using standard curve.  

 

Amino acids content 

The hydrolyzed protein amino acids were determined according to the method described byPellet and 

Young,(1980).Amino acids composition was determined by amino acid analyzer apparatus model SYKAM 

(S4300) inCentral labof Desert Research Center (DRC).The peaks area of each amino acid were calculated using 

an external standard by computer softwareSYKAM. 

 

Statistical analysis 

The experiments were subjected to completely randomized design. Analysis of variance (ANOVA) and 

Duncan’s multiple range test (Duncan, 1955), as modified by Snedecor and Cochran (1982), were performed to 

analyze the obtained data. 

 

III. Results And Discussion 
Fresh weight of Ginkgo biloba callus 

Data recoded in Figure (1) showed the effect of different concentrations casein, gibberellic acid and 

sucrose on growth ofG.biloba callus. The results showed that the treatment ofcasein had positive effect on fresh 

weight of callus compared with the control (without casein) and the maximum fresh weights of callus were 

recorded on the medium with 2 mg/l casein hydrolysate(Fig. 1B). These results agree withHegazi and EL-

Lamey(2011) whofound that highest fresh weight in callus of Ephedra alata at 2 mg/l of casein. Onthe other 

hand, it was found the highest callus induction of Elymusdahuricusrecorded using 1mg/l casein WonLee 

etal.,(2012).Also, the addition of casein to culture medium increased growth callus of Sorghum bicolor(Polaetal., 

2009). Casein is milk protein and a rich source of amino nitrogen. It was added to culture medium to improve the 

growth of some tissues such as Taxus(Gibson et al., 1993). In the same direction, fresh weight of Oryza sativa 

callus was increased after application of casein (Khaleda and Al Forkan, 2006). 

Moreover, all application of gibberellic acid leads to increasing callus weight comparing with the 

control and the highest concentration (2 ppm) gave the highest weight which recorded 5.0 g fresh weight 

(Fig.2B). On the otherhand,Hendaweyand Abo El Fadl (2014) showed that gibberellic acid (2 ppm) had negative 

effect on fresh weight stevia rebaudiana callus. There are some reports showed the parallel results with the 

present study. In this regard, FettNetoet al.,(1993) used gibberellic acid to develop callus of Taxuscuspidata. 

Also, Bekheetet al,(2014) found that application of gibberellic acid leads to increasing Silybummarianum 

callus.The addition of gibberellic acid to nutrient medium leads to increasing production of cell culture of Coptis 

japonica(Yasuhiro etal.,1998).Gibberellic acid has strong effect with exogenous auxin and cytokinin in 

promoting diameter growth in Pinusstobus(Savidge, 1990).The results are shown in Fig.2Cindicated that 

application of sucrose had negative effect on callus weight compared with control except at concentration 60 g /l 

which leads to increasing fresh weight of callus.In the same direction, Ml and WC (1986)showed that the highest 

growth of Bambusabeecheyana callus was observed on medium containing 60g/l of sucrose.  Also,Vermaet 

al.,(2012)who found that the best concentration of sucrose for growth Catharanthusroseus callus at rate 60g/l. 

Sucrose act as external energy source and contributes to the osmotic potential of the medium(Nowak et al., 

2004).  In this study, the lowest weight observed at the highest concentration at 90 g/l. This result agrees with 

(Javed and Ikram 2008) found that the highest concentration of sucrose leads to decreasing the growth wheat 

callus. Also, the same result observed on growth of Morindacitrifolia root suspension culture (AbdullahiBaqueet 

al.,2012).The high level of sucrose play important role in decreasing growth of cultured cells   by causing stood 

up of the cell cycle when nutrients are insufficient(Wuet al., 2006 and Gould et al., 1981).The addition of high 
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concentrations of sucrose in the cultured media might have inhibitory effect on nutrient uptake by lowering water 

potential of the medium (Shimet al., 2003).In general the highest weight of callus (5.0 g) was achieved 

withgibberellic acid at rate of 2 ppm while the lowest weight of callus (1.233g) was obtained with concentration 

of sucrose (90 g).  It could be noticed that the fresh weight of callus was gradually decreased with high 

concentration of sucrose. 

 
Figure (1): Effect of some inducers at the best concentrations on improvement of callus weight Ginkgo biloba. 

(A) Control, (B) Casein [2 g], (C) Gibberellic acid [2 ppm] and  (D) Sucrose [60 g ] 

 
Figure (2):Effect of some inducers on fresh weight callus of Ginkgo biloba. 

(A) Casein [g], (B) Gibberellic acid [ppm] and (C) Sucrose [g] 
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Ginkgolide A and bilobalidecontentinG.biloba callus 

Effects of casein, gibberellic acid and sucrose on ginkgolide A and bilobalide contents in G.bilobacallus 

are shown in (Figures3 and 4).The data obtained from HPLC analysis revealed that, Ginkgo bilobacallus have 

higher bilobalide content (major compound) than ginkgolide A after applied all doses of inducers. Data shown in 

in Fig. (3A) demonstrated the effect different concentration of casein on Ginkgolide A production in G.biloba 

callus, it was found that all concentration leads to increasing Ginkgolide A contents. The maximum value (0.30 

mg/g) was achieved when casein  applied at 0.5 g/l compared with the control (without casein). This result agree 

with Wu et al., (2005) they found that addition concentration of casein (0.5g/l) leads to increasing saponin  yield 

in Panax ginseng cell culture. Also, in the same direction, Hegazi and El-lemely (2011)found that themaximum 

content of ephedrine in callus of Ephedra alata.  Also, the maximum amount of alkaloid accumulation in 

Catharanthusroseus was noticed in callus cultures grown on MS supplemented with casein (Ahmed et 

al.,2000).Casein act as agood nutrient substrate for production secondary metabolite which consist of amino 

acids and peptides (Kayser and Quax, 2007).It was noted that the addition of casein to nutrient medium leads to 

increasing artemisinin production in cell culture of Artmeisiaannua(Woerdenbagetal., 1993). The enhancement 

of secondary metabolites on MS medium supplemented with casein in cell culture might be due to its sterols or 

amino acids content (Heble, 1985). 

In contrast, all treatment of casein leads to decreasing bilobalide content  compared with the control 

.This results is  agree  with Hegazi  and El-Lamey (2011)who found that the addition  of  casein  (2.0g/l) gave the 

lowest content of ephedrine of Ephedra alatacallus. There are some reports disagree with the results in the 

present study where Abyariet al., (2016) who found that casein leads to increasing of scopoletin in cell 

suspension culture of Spilantheseacmella. 

Results in Fig.3Bshowed that, all treatments of gibberellic acid had a positive effect on the production 

of ginkgolide A. The highest value (0.269 mg/g) compared with the control. On the other hand, all 

concentrations of gibberellic acid leads to decreasing the active constituent (bilobalide) (Fig. 4B) in 

G.bilobacallus.  Gibberellic acid used as growth regulator for increasing the production of flavonoids and 

phenols in Stevia rebaudiana callus (Radicet al., 2016).The same trends(Hendawey and Abo El Fadl, 2014) 

added gibberellic acid to basal media for improvement of stevioside production in stevia callus.Also, Banyaiet al 

., (2011)showed that artemisinin content was increased in Aretmisiaannua leaves after gibberellic acid was 

applied on plants. Also, the application of gibberellic acid on plant Andrographispaniculata promoted 

andrographolide accumulation (Vidyalakshmi and Anathi, 2013).Moreover,Modeiet al., (2011) found that 

gibberellic acid increased stevoisd content in stevia leaves. Gibberellic acidplay important role in activating the 

expression of  gene where it was  lowering the pH of the cell wall. This drop in the pH of cell wall leads to 

activation of cell wall hydrolysis (Lyndon,1997).It is considered elicitor for production secondary 

metabolite(Yuan et al., 2008). 

 Data presented in Fig. 3C indicated that application of sucrose enhanced the content of ginkgolide A 

compared with the control (without sucrose). On the other hand, all application of sucrose had a negative effect 

on bilobalide content (expect 75 g/l) which recorded (4.0 mg/g) (Fig. 4C). These results confirmed 

by(Thiruvengadamet al, 2016) who used sucrose leads to increasing the anthraquinones and phenolic compound 

in cell suspension culture of Polygoniummultiflorium. Also, Soo- Jung et al.,(2004) found that the addition of 

50g/l sucrose to nutrient medium leads to production high level of salidroside in Rhodiolasachalinensiscallus. 

The highest value of Ginkgolide A was obtained when sucrose applied at rate 60g/l which reached (0.038 mg/g) 

in G.bilobacallus. This result agrees with Vermaet al., (2012)who found that the best concentration of sucrose at 

rate 60g/l for enhancement of alkaloid accumulation in Catharanthusroseus callus. Sucrose play important role 

on growth development and biosynthesis of secondary metabolites in cultured cells which is considered primary 

energy source for signaling molecules (Wang and Weathers, 2007). 
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Figure. (3):Effect of some inducers on the production of Ginkgolide A in Ginkgo bilobacallus 

(A) Casein  [g], (B) Gibberellic acid [ppm] and  (C) Sucrose [g ] 

 

 
 

 
Figure. (4): Effect of some inducers on the production of bilobalide in Ginkgo biloba callus 

                                    (A) Casein [g], (B) Gibberellic acid [ppm] and (C) Sucrose [g] 

 

Malondialdehyde content in G.biloba callus 

The level of lipid peroxidation in G.biloba callus was quantified by determination of malondialdehyde 

(MDA). The results in Fig.(5A) indicated that the lowest concentration of casein (0.5 g/l) leads to increasing of 

MDA which recorded (0.41µ mole /g fresh weight) compared with control. On the other hand, the highest 

concentration of casein (2g/l) leads to decreasing MDA content (0.20 µ mole /g fresh weight) compared with 

control (without casein). Also, the lowest concentration of gibberellic acid (0.1 ppm) gave the highest MDA 

content (0.33 µ mole /g fresh weight) (Fig.5B). The same observation was reported byHendawey and Abo 

ElFadal(2014) who revealed the lowest concentration of gibberellic acid gave the highest MDA content. In this 

regard, Khavri-Nejadet al., (2013)observed MDA content in Lycoperscianesculentum was decreased by 

application of gibberellic acid.Also, Sayed and Gadallah (2013) found that gibberellic acid  reduced MDA 
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content in Helianthus annus which protect the plant membrane from dehydration and heat stress injury where 

decreasing the negative effect of the acid mist and improved antioxidant defence. The treatment of sucrose at all 

concentrations showed increased of MDA content compared with the control. It was observed that MDA content 

increased with elevated sucrose concentration(Fig.5C). The same observation was reported by Cui et al.,(2010) 

who found that the addition high level of sucrose leads to increasing MDA content in root suspension cultures of 

Hypericumperforatum. Also, on Morindacitrifoliaroot suspension cultures (Abdullahilet al, 2012).Therefore, 

when the sucrose concentration higher than 30g/l,G.bilobacalluswas affected by water deficit stress MDA 

content increased with addition increasing concentration of sucrose. Water deficit stress might be prevented by 

increasing non enzymatic scavenging system.  

In general the highest MDA content was obtained at the highest concentration of sucrose at (90g/l) which 

recorded (0.83 µ mole /g fresh weight). While the lowest MDA content (0.11 µ mole /g fresh weight) was 

obtained with gibberellicacid (0.5 ppm)(Fig.5C and B,respectively). 

 

 
 

 
Figure. (5): Effect of chemical inducers on malondialdehyde in Ginkgo biloba callus   

 (A) Casein [g], (B) Gibberellic acid [ppm] and (C) Sucrose [g] 

 

Hydrogen peroxide content in G.biloba callus 

The effects of casein, gibberellic acid and sucrose on hydrogen peroxide content in callus of G.biloba 

are shown in Fig. (6). In this regard, the treatment with casein had a negative role on the accumulation of 

hydrogen peroxide.  The lowest value of H2O2 (0.25 µ mole /g fresh weight) was obtained when callus treated 

with casein at concentration 1.5 g/l (Fig. 6A).Concerning the treatment with gibberellic acid,   it was tended to 

accumulate hydrogen peroxide content in G.biloba callus especially at rate 0.5 ppm which recorded (0.41 µ mole 

/g fresh weight) (Fig. 6B).  In the same direction,Sayed and Gadallah (2013)found that the treatment of  

Helianthus annus with  gibberellic acid  prevented the enhancement of  H2O2 content caused by acid mist where  

gibberellic acid play important role in decreasing oxidative stress due to the production of reactive oxygen 

species. Application of sucrose leads to decreasing hydrogen peroxide content compared with control (without 

sucrose) except the highest concentration of sucrose (90g/l) which gave the highest accumulation of H2O2 (0.48 

µ mole/g fresh weight) (Fig.6C). It is observed that H2O2 content is highly affected by the addition of sucrose at 

rate 90g/l.  The same observation was reported by Cui et al., (2010)on root suspension cultures of 

Hypericumperforatum and Abdullahilet al.,(2012)onMorindacitrifoliaroot suspension cultures. 
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Figure. (6): Effect of chemical inducers on hydrogen peroxide in Ginkgo biloba callus 

(A) Casein [g], (B) Gibberellic acid [ppm] and (C) Sucrose [g ] 

 

Amino acids in G.biloba callus 

Data in Table (1) shows the effect of some inducers on the pattern of combined amino acid in G.biloba 

callus. Sixteen combined amino acids were detected in Ginkgo callus and the major amino acids in callus of 

Ginkgo were glutamic, aspartic, alanine andproline. Results indicated that glutamic acid was the most abundant 

amino acid and it was increased due to treatment with gibberellic acid compared with the control.  

On the other hand, all application of casein leads to decreasing glutamic except the concentration 1.5 g/l which 

leads to increasing glutamic which recoded (1.2mg/g).  In the same trend, all application of sucrose leads to 

decreasing glutamic except 45g/l which recorded (3.4 mg/g).  This result disagree with Tsuchiya et al., (2013) 

who found that the low glutamic acid content in Bruguierasexangulaprotoplast. 

In this study, all gibberellic acid treatments leads to increasing aspartic acid compared with the control. 

This was true when G.biloba callus treated with casein except the concentration of 2.0 g/l. It was found aspartic 

acid increased by adding sucrose in medium at rates (45,90g/l). The highest value of alanine was observed at rate 

2 ppm of gibberellic acid which recorded (2.2mg/g). On the other hand, the lowest value of alanine was 

recorded(0.77mg/g) at rate 75g/l of sucrose.  

In this concern, all treatments of casein, gibberellic acid and sucrose leads to increasing of proline 

content compared with the control (without inducers).While the highest value of proline was obtained by adding 

gibberellic acid in the medium at rate 2ppm which recorded (1.7 mg/g) (Table, 1).This agree withHendawey and 

Abo ElFadl (2014) who found that the highest value of proline in Stevia rebaudianacallus at rate 2 ppm of 

gibberellic acid. The addition of sucrose in to medium had positive effect on proline accumulation in Ginkgo 

callus. This result are similar withLahreret al.,(1993) who showed that sucrose had a positive effect on proline 

accumulation in higher plants. In this present work, it was observed the high proline level in Ginkgo callus. The 

high level of proline were associated with osmotic regulation and antioxidant protective roles (Du et al., 2012). It 

was found the endogenous amino acids was regulated the protein synthesis during morphogenetic process as 

embryogenesis (Wetherell andDougall, 1976).It was noted that the amino acids of pyruvate family such as 

alanine, leucine, valine and isoleucine all increased with all concentration of gibberellic acid compared with 

control. This increasing in these amino acids may have been a result of protein hydrolysis (Fischer 1971). In the 

same direction, it was found that arginine increased with all concentrations of gibberellic acid compared with the 

control. These results are similar toKomamineet al., (1992); Joy et al., (1996) and Thrope and Stasolla(2001)who 

found that higher concentration of Arginine in embryogenic culture of carrots. 
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Table 1: Effect of chemical inducers on amino acids in Ginkgo biloba callus 
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