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 Chromosome-doubling used in several plants mainly with the aim of providing superior 
plant genomes for breeding purposes. Secondary metabolite production in plants is 

highly altered by genome evolution. This modification of secondary metabolite content 

in plant could increase plant resistance against pathogens or may increase concentration 
of them to levels that are poisonous for human consumption. The objective of the 

current study was to investigate the effect of polyploidization on the glycoalkaloid 

content of four Diploid and Tetraploid eggplant cultivars in the frame of a research 
program on examination of different ploidy levels on brinjal physiological and 

phonological properties. Here we aimed to find if tetraploidy have any superiority 

despite diploid cultivars. We also want to examine the alteration in glycoalkaloid 
content of eggplant make it harmful or more beneficial to humans.results showed no 

superiority in any of tetraploid cultivars but cleared the changing trend of glycoalkaloid 

content in shoots and fruits of Solanum melongena during different growth phases. 
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INTRODUCTION 

 

 Solanum melongena L. (2n=24), commonly known as eggplant, aubergine or brinjal, is an important 

vegetable crop. Eggplant fruits have high nutritional value. They are a good source of vitamins, dietary fiber and 

minerals. Extracts of eggplant tissue have been used in traditional medicines for treatment of asthma, bronchitis, 

cholera, and dysuria for example. Fruits and leaves are beneficial in lowering blood cholesterol.  It also has been 

reported to have beneficial effects on cancer, lowering blood pressure, increasing lipid metabolism in human 

because of high chlorogenic acid content [23,15,7,22]. 

 Glycoalkaloids, a class of nitrogen-containing steroidal glycosides are naturally occurring secondary 

metabolites commonly found in the Solanaceae family which includes many significant agricultural plants, such 

as tomato, potato, eggplant, pepper, nightshade, thorn apple, and capsicum. For example, solasodine, has been 

found in about 200 Solanum species [8]. All plant organs generally contain Glycoalkaloids, although Flowers, 

sprouts, unripe fruits and berries, young leaves and shoots have higher concentrations. Glycoalkaloids are 

allelochemicals defensive shield of plant against several pathogens and predators such as fungi, viruses, 

bacteria, insects, and worms [11]. 

 In order to increase plant resistance against different pests and diseases, development of new cultivars in 

Solanaceae Family with higher levels of steroidal glycoalkaloids seems necessary. The types of steroidal 

glycoalkaloids produced by solanaceous plants differ from species to species. At least 90 structurally different 

steroidal alkaloids have been found in over 350 Solanum species. The differences can be manifested as a 

presence or absence of a C-C double bond, variety of functional groups (e.g., hydroxyl, acetyl) and sugar 

groups, as well as in the stero-chemistry of these functional groups [5,16]. 

 Plants often contain alkaloids in glycosidic form as glycoalkaloids. Thus, steroidal glycoalkaloids contain 

three portions: a non-polar steroid unit and a basic portion with either a so called indolizidine or oxa-

azaspirodecane structure which together form the aglycone part; a polar, water-soluble sugar moiety with three 

or four monosaccharides attached to the 3-OH group of the first ring of the aglycone. Solasonine and 
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solamargine are the two major steroid alkaloid glycosides (SAGs) found in eggplants (Solanum melongena) and 

in at least 100 other Solanum species [2].  

 Structurally, these two glycoalkaloids have the same steroidal part of the molecule (aglycone), solasodine, 

but differ in the nature of the carbohydrate side chain. The eggplant glycoalkaloids differ from those found in 

potatoes only in the structure of the steroidal part of the molecules. It has been reported that while solamargine 

and solasonine are in fruits of eggplant, solanine and chaconine are found in the leaves of these plants [5]. 

 Glycoalkaloids are potentially toxic compounds. Typically potato tubers contain about 20-60 mg of total 

glycoalkaloid per 100 g of freeze-dried matter, equivalent to 4-12 mg of total glycoalkaloid per 100 g fresh-

weight. At these concentrations glycoalkaloids enhance potato flavor. However, at concentrations greater than 

20 mg per 100 g fresh-weight they impart a bitter taste and can cause gastroenteritic symptoms, coma, and even 

death. The toxic dose is considered to be approximately 2-5 mg kg
-1

 body weight whereas the lethal dose is 

probably 3-6 mg kg
-1

 body weight [9,20]. Most toxicological studies of glycoalkaloids of members of the 

Solanaceae have been focused on rats, mice, hamster, and rabbits. The LD50 for α-solanine, α-chaconine and 

tomatine in mice were 27, 30, and 34 mg/kg body weight intraperitonally, respectively, and for most animals, 

the i.p. LD50 of the various glycoalkaloids were around 30 to 60 mg/kg body weight. Toxicological studies 

revealed that the solanidanes seem to be more toxic than their corresponding  spirosolanes-α-solamargine, 

solasonine and solasodine [4]. 

 Even though biological and toxicological properties of potato glycoalkaloids have been studied extensively, 

this does not appear to be the case for the two eggplant glycoalkaloids, solasonine and solamargine. Slight AchE 

inhibition by solamargine was reported. Alpha-solamargine isolated from fruits of Solanum americanum Miller 

was studied for its toxicity. Lethality studies in rats showed a dose-mortality relationship with an LD50 of 42 

mg/kg body weight. No appreciable toxic effects were seen at doses below 35 mg/kg body weight [4]. 

 Although glycoalkaloids are toxic compounds at certain levels, they have some proposed beneficial effects. 

In recent years, medicinal uses of glycoalkaloids have been increased. For example, solamargine and solasodine 

exhibit potent cytotoxicity to human hepatoma cells (Hep3B) by apoptosis which is the major process 

responsible for cell death in various physiological events [5]. Solasodine, solamargine, and solasonine from 

Solanum incanum L. showed liver protective effects against CCl4-induced liver damage [17]. Furthermore, α-

chaconine, α-solanine, α-solamargine, α-solasonine, α-tomatine and some of their hydrolysis products inhibit the 

growth of human colon (HT29) and liver carcinoma (HepG2) cells [18,11]. 

 Furthermore, the leptines found in Solanum chacoense Bitt. are natural antifeedants to  the Colorado potato 

beetle. Solamargine, solasonine and tomatine inhibited larval growth of the red flour beetle. Tomatine also 

showed inhibitory activity on tobacco hornworm. An extract of a mixture containing solamargine and solasonine 

mixture from the fruit of S. mammosum was shown to display a strong molluscicidal property on Lymnaea 

cubensis snails. Tomatine was reported to have antibacterial effects on gram positive bacteria that infect humans 

[14,24,26]. 

  In this experiment we aimed to find if poly-ploidy may alter glycoalkaloid content of studied eggplant 

cultivars. We want to examine whether the glycoalkaloid content of fruits are in the safe range for human 

consumption and may shoots have enough glykoalkaloids to become stronger against pests and diseases or not. 

This experiment is a part of Phd. research program in which we induce poly ploidy in several brinjal cultivars 

and study the effects chromosome doubling on different physiological and phonological changes among them. 

  

MATERIALS AND METHODS 

 

 Di and Tetraploid plants of four different local varieties of eggplant, “yalda”, “chah boland”, “keshtzar” and 

“pasargad” was used to examine the effects of ploidy level on glycoalkaloids.  

 All selected cultivars planted in normal condition in field with an ordinary fertilization, weed and pest 

management program used in commercial production. Fruit and shoot samples randomly prepared from each di 

and tetraploid plant of all cultivars during growth season. 

 The overall Glycoalkaloid assay can be divided into three steps: extraction, clean-up and analysis. Samples 

being determined by the most commonly used conventional technique for determination of glycoalkaloid 

concentration, HPLC-UV [19]. A modified technique which was used by [13] used in this study to extract, clean 

up and determine eggplant glycoalkaloids. 

  

RESULTS AND DISCUSSION 

 

 Quantitative analysis of secondary metabolite in different plant organs of all studied eggplant cultivars 

showed differences among genotypes, growth stage in which samples taken and di and tetraploid plants.  

 Both studied glycoalkaloids were increased during growth season in shoot (Table 1). However, amount of 

increasing was not constant neither between all genotypes nor different ploidy levels. For example α-solamargin 

content of diploid Yalda shoot increased 0.09 and 0.5 mg from 7.11 mg.100g
-1

(fresh weight) at pre-flowering 
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phase to 7.2 and 7.61 mg.100g

-1
 (fresh weight) in fruit-set and harvesting phases, respectively. Meanwhile, its 

tetraploid equivalent only increased 0.4 and 0.12 mg in the same time (Table 1).  

 Between studied genotypes, Diploid pasargad shoot had the highest levels of α-solamargin and Diploid 

keshtzar had the highest α-solasonine both in harvesting phase (Table 1). 

 
Table 1: Shoota Glycoalkaloid Content of Analyzed Di and tetraploid Eggplant cultivars mg.100g-1 (fresh weight). 

  
Pre-flowering Fruits set Harvesting 

Accession Plant Organ α- solamargine α-solasonine Total α- solamargine α-solasonine Total α- solamargine α-solasonine Total 

Yalda 
Diploid 7.11±0.8 2.23±0.35 9.34 7.2±0.8 2.3±0.35 9.5 7.61±0.8 2.85±0.45 10.46 

Tetraploid 6.78±0.8 1.96±0.25 8.74 6.82±0.8 2.05±0.35 8.87 6.9±0.8 2.45±0.35 9.35 

Chahboland 
Diploid 8.64±0.85 2.87±0.45 11.51 8.83±0.85 2.96±0.45 11.79 8.95±0.89 3.12±0.5 12.07 

Tetraploid 8.22±0.85 2.61±0.4 10.83 8.41±0.85 2.6±0.4 11.01 8.44±0.85 2.74±0.45 11.18 

Keshtzar 
Diploid 8.69±0.85 2.99±0.5 11.68 8.67±0.85 3.04±0.5 11.71 8.79±0.85 3.42±0.55 12.21 

Tetraploid 8.14±0.82 2.8±0.45 10.94 8.2±0.85 2.81±0.45 11.01 8.31±0.85 2.91±0.45 11.22 

Passargad 
Diploid 9.17±0.89 2.6±0.35 11.77 9.23±0.9 2.77±0.45 12 10.11±0.95 3.07±0.5 13.18 

Tetraploid 8.96±0.89 2.51±0.35 11.47 9.01±0.9 2.53±0.35 11.54 9.31±0.9 2.87±0.45 12.18 
a. shoot stands for a combination of leaf and stem that used for glycoalkaloid examination. 

 
Each data is a mean value of three replications ± standard error. 

 
Table 2: Fruit Glycoalkaloid Content of Analyzed Di and tetraploid Eggplant cultivars mg.100g-1 (fresh weight). 

  
Fruit set Harvesting 

Accession 
Plant 

Organ 
α- solamargine α-solasonine 

Tota

l 
α- solamargine α-solasonine 

Tota

l 

Yalda 
Diploid 1.86±0.2 0.71±0.03 2.57 0.86±0.04 0.28±0.01 1.14 

Tetraploid 1.64±0.2 0.5±0.03 2.14 0.79±0.02 0.26±0.01 1.05 

Chahboland 
Diploid 2.11±0.35 0.62±0.03 2.73 0.83±0.03 0.23±0.01 1.06 

Tetraploid 2.21±0.35 0.56±0.03 2.77 0.71±0.02 0.2±0.01 0.91 

Keshtzar 
Diploid 2.68±0.39 0.69±0.03 3.37 0.97±0.07 0.16±0.01 1.13 

Tetraploid 2.42±0.39 0.55±0.03 2.97 0.98±0.07 0.19±0.01 1.17 

Passargad 
Diploid 3.79±0.44 0.84±0.03 4.63 1.59±0.2 0.38±0.02 1.97 

Tetraploid 3.15±0.4 0.8±0.03 3.95 1.44±0.2 0.38±0.02 1.82 

Each data is a mean value of three replications ± standard error. 

 

 Changing trend of glycoalkaloids was different in fruits during growth season. As fruits turn ready for 

harvest, their glycoalkaloid content decreased in both α-solamargin and α-solasonine. Diploid pasargad had 

significantly the highest amount of α-solasonine and α-solamargin in both growth phases between all genotypes 

(P≤ 0.05) (Table 2).  

 Despite the thought which chromosome doubling may increase secondary metabolite production, in this 

study and between same Di and Tetraploid cultivars, all diploid cultivars were superior. This contrasts with 

several reported studies. In Chamomilla recutita polyploidization resulted in higher flavonoid content. In 

tetraploid plants of Atropa belladonna, an increase of tropane alkaloids was observed. In tetraploids of 

Cinchona succiruba the same authors found an increasing of quinine with respect to diploids. More recently, a 

similar superiority of tetraploids was found in Catharanthus roseus [25,10,27]. 

 Several factors during growth, harvesting and post-harvest may alter glycoalkaloid synthesis and 

accumulation. Genotype has a major effect and as resulted here, there are significant differences between 

cultivars. Environmental factor that causes any kind of stress in a plant of the Solanum family can modify 

glycoalkalaoid content [16,13]. Papathanasiou reported that potato cultivars with higher tolerance against dose 

are more susceptible to environmental stresses; accumulate lower levels of glycoalkaloids [21]. So, lack of 

superiority of polyploids compared to diploids may be attributed to their ability to compete against 

environmental situations. Chromosome doubling increases vigor of plant and their net weight production ability 

which produces stronger plants with higher resistance to unfavorable environmental situations. 

 Results of our study are similar to Caruso reports on Solanum bulbocastanum in which tetraploid genotypes 

had no superiority versus diploid genotypes in secondary metabolite production. molecular studies of the same 

author shows that alterations in methylation level occurred between diploid and tetraploid genotypes which can 

indirectly help to explain the effect of chromosome doubling on gene expression and on metabolic traits. Lack 

of superiority of polyploids compared to diploids may also be  

 Attributed to the time required for adjustment, adaptation and evolution after the genomic shock induced by 

polyploidization [3,1].  

 Results of glycoalkaloid content fruit samples at harvest phase showed that all diploid an tetraploid 

cultivars have glykoalkaloids in the safe range for human consumption with refrence to [4] that concentration 

below 35 mg.kg
-1

 body weight are safe. At this level of concentration, they may exhibit health effects of 

glycoalkaloids in human body. 

 Lower levels of glycoalkaloids in tetraploid eggplant fruits may be one of reaons why tetraploid fruit are 

less bitter. Although saponins play major role in bitterness of brinjal fruits, but glycoalkaloid content also have 

effects on quality attributes and consumer acceptance of eggplant crop. 
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Conclusion: 

 Chromosome doubling might generate unpredictable and uncontrollable changes that reduce performances; 

hence polyploidization as strategy to enhance metabolite production cannot be generalized and should be 

studied more. here, polyploidization did not alter secondary metabolite production in harmful ways and with 

regard to other beneficial effects of chromosome doubling, including less bitterness, higher flesh to seed ration 

in fruits and more vigorous plants, it might be useful in eggplant breeding programs.  
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