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INTRODUCTION 

 

 Calotropis procera is a flowering plant in the poison family, Apocynacae, natively grows in North Africa, Tropical Africa, Western Asia, South Asia, and 

Indochina [1]. The commonly name in Saudi Arabia is Oshar.  The plant grows in dry areas. Most research concerning Calotropis concentrated on its medicinal 

properties [2] [3] as an important source of pharmaceutical compounds [4] [5]. Calotropis tissues, especially the root phloem, were heavily used in traditional 

medicine to treat leprosy, fever, menorrhagia, malaria, and snake bite. However, it contains a very toxic latex that causes blisters and rash [6]. Also, the extract of 

stem endophytes was used as antibacterial and colon cancer treatment [7]. Silky hairs of this plant were used to stuff pillows treatment [8]. Extracts and latex have 

shown high effects as nematicides, in vitro and in vivo [9] [10]. Phytochemical studies on this plant   concluded several types of compounds such as Cardenolide, 

triterpinoids, alkaloids, resins, anthocyanins and proteolytic enzymes in latex, flavonoids, tannins, sterol, saponins, cardiac glycosides [11] [12] [13]. The leaves 

contain mainly the alpha amyrine and alpha amyrine acetate [14] ß-sitosterol [15] [16], urosolic acid [17] [18], cardenolides, calotropin and calotropagenin [19]. 

The latex contains calotropin, calotoxin 0.15%, calactin 0.15%, uscharin 0.45%, trypsin, voruscharin, uzarigenin, syriogenin and proceroside [20] [21]. The 

metabolome analysis in this plant has become the target to a lot of investigators either in treatment conditions [22] or as standard condition [23]. Many reports 

have confirmed that the previous compound possess several biological activities such as proteolytic [24], antimicrobial [25], larvicidal [26], nematocidal [27], 

anticancer [28] [29], anti-inflammatory [30] digestive and tonic properties. On the contrary, the powdered root bark has been reported to give relief in diarrhea and 

dysentery. Also, cysteine proteases which exhibit high thermo-stability and broad pH optima were isolated and characterized in this plant, and plasma-clotting 

activity [31]. It is important to identify genes involved in pharmaceutical compounds accumulation because this could facilitate the production of these compounds 

in-vitro in huge amount. Transcriptome analysis was used to identify most of genes involved in secondary metabolites pathways. Our study aimed to maximize the 

production of pharmaceutical compound in this plant specially glycosides and detect the suitable time to isolate this substance under  light and watering conditions. 

In addition, identify and characterize genes involved in pharmaceutical substances accumulation in order to utilize the production of these compounds in another 

organism via genetic engineering approaches. 

 

MATERIALS AND METHODS 

Plant material 

 The samples were collected from three locations. Region 1, in the north of Jeddah near Thole, Latitude 22° 16ˈ 49.55 and Longitude 39° 7ˈ 28.18. Region 2, 

in the east of Jeddah near Al-Taef Region, Latitude 21° 20ˈ 3.68 and Longitude 40° 12ˈ 4.04. Region 3, in 100 km south of Jeddah near Allyth Region, Latitude 

20° 20ˈ 11.49 and Longitude 40° 5ˈ 7.09. 

Abstract 
 
Calotropis procera, is found in many different zones or habitats and known for being a source of secondary metabolites 
(ex., glycosides, alkaloids, terpenoids) which contain pharmaceutical compounds used in treatment of many diseases. 
Our study aims to identify the suitable day light period for high accumulation of pharmaceutical compounds and the 
effect of irrigation on their concentrations in Calotropis procera. In this study, using UPLC/MS/MS separation, 
concentration variation in very important three of glycosides - which have medical effects- was detected and observed 
under the environmental conditions (light- irrigation). These compounds were Calotoxin, α-amyrene and Uzarigenin. 
Also, the suitable time for these pharmaceutical compounds accumulation in high concentrations was detected and we 
found that it was variable depending on compound types. Uzarigenin di glycoside concentration was significantly highly 
accumulated at midday before irrigation (M) but was the lowest at pre-dusk after irrigation (iPD). However, Uzarigenin 
accumulation was highly significant at all time except dawn before irrigation (D).  Also, α-amyrene accumulation, - was 
highly significant at all time except dawn after irrigation (iD), as it was the lowest.  Calotoxin1 was observed only at pre-
dusk before irrigation (PD). Using bioinformatics tools and RNA-seq data, four genes related to pharmaceutical 
compound production in Calotropis plant were identified; flavonol oxygenase (accession no. KU997644  ( , oxysterol-
binding protein (accession no. KX002269), calreticulin (accession no. KT943752) and amyrine synthase (accession no. 
 KU997645). This study helps to determine the quality and quantity of some pharmaceutical compounds in Calotropis 
procera, as well as the appropriate time to isolate a huge quantity of these components. 
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 In this area, Calotropis procera shrubs grow as single plants. The experiment was conducted according to [22], three time points (at dawn, at midday and 

one-hour pre-dusk) before and after irrigation. We also checked the area to be watered and figured, it was 1 m2. Then, plot edges were raised to avoid water 

flowing away and watering was done gradually. It was important to use distilled water to avoid adding impurities that might influence the indigenous microbial 

community (e.g. stimulants – trace organics; inhibitors – hypochlorite), and also to avoid adding water-borne microbes that might escalate through phloem to plant 

leaves and interfere with the metabolic content of the cells. RNA and metabolomic samples were collected at dawn (D), at midday (M) and one-hour pre-dusk 

(PD) before and after water treatment.  

 

Chromatography experiment   

 The plant samples were dried at 70 ºC for 12 hours. Extraction and chromatography analysis were performed according to [32]. The candidate precursors and 

daughter ions are illustrated in table 1. 

 The precursor (glycosides) MWs were calculated by sum the aglycone MW plus 163 [(180 -18) +1]; where 180 is the sugar MW, 18 is the lost water 

molecule, 1 is the acquired proton from the LC/MS ionization. The daughter ions were calculated from the aglycone moiety plus one proton (M+H) and the 

aglycone minus hydroxyl group plus proton (M+H- 17) for all aglycones in addition to the daughter ion minus carbonyl group plus proton (M+H -28) for the 

aglycones that contain carbonyl group (Table 1). The glycosides were calculated from the peaks area (Table 2). 

 

Table 1. Molecular weights of selected aglycones, precursors and daughter ions detected by MRM mode of the LC/MS/MS analysis. 

 

Ser. Rt. Aglycone MW Glycoside Precursor 
Daughter ions 

M+H M-16 M-27 

1 4.4 Calotoxin (1) 548.6 712 549 532 523 

2 10.3 Calotoxin (2) 548.6 712 549 532 523 

3 17.9 Uzarigenin 374.5 699 (di-glycoside) 375 358 --- 

4 18.1 Uzarigenin 374.5 537 (mono-glycoside) 375 358 --- 

5 18.1 Calotoxin (3) 548.6 712 549 532 523 

6 18.6 α-amyrene 426.7 589 427 410 --- 

7 ND Calactin 532.6 696 533 516 --- 

8 ND Uscharidin 530.6 694 531 514 --- 

 

Statistical analysis 

Statistical analysis was done by using SPSS program (One-way ANOVA with post-hoc Tukey HSD test) 

 

Gene detection and identification 

Total RNA isolation  

 Total RNA of 50 mg tissue was extracted according to [33]. The RNA concentration was optimized by measuring the optical density at 260 nm and then 

calculated by the following equation; RNA concentration (mg/mL) = OD260 * 40 * dilution factor. RNA samples were sent to Beijing Genomics Institute (BGI), 

Shenzhen, China for sequencing. 

 

NGS sequence  

 Recovered RNA-seq reads were de-novo assembled and analyzed using Trinity RNA-Seq assembly package (version r2013-2-25) and the tuxedo suite 

software package. Reads were overlaped together to form contiguous sequence fragments called contigs based on the de Bruijn graph algorithm. Contigs were 

assembled at k-mer value = 50 and collected into transcripts to get full length genes. Then, the relative abundance of transcripts was estimated using RSEM 

(v1.1.6). Five gene sequences were compared with other plant species from the GenBank and used as a reference for blasting.  

 

Determination of phylogenetic relationships 

 The maximum-likelihood method) was used to build a dendrogram using CLC Genomics Workbench. A bootstrap value is indicating the confidence level in 

this branch. 

 

NCBI submission 

 The produced genes were submitted to NCBI under the following accession numbers: flavonol oxygenase (accession no. KU997644), oxysterol-binding 

protein (accession no. KX002269), calreticulin (accession no. KT943752), Amyrine synthase (accession no. KU997645).  

 

RESULT AND DISCUSSIONS 

Chromatography (LC/MS/MS): 

 The LC/MS/MS analysis clarified the presence of two groups of glycosides (fig.1A). The same two groups were also appeared in the MRM total ion 

chromatogram (TIC-MRM chromatogram) (fig. 1B) that confirms the presence of the selected glycosides. The MRM chromatograms of 7 detected glycosides and 

its own glycone daughter ion was illustrated (Figures 2-6).  

 The most abundant daughter ion for some glycosides such uzarigenin was M-17+H (fig. 3). This is due to lose of the hydroxyl group from the aglycone 

molecule followed by acquiring a proton. 

 α-amyrene, Uzarigenin accumulation was highly significant at all time except dawn after irrigation (iD), as it was the lowest  (Table 2). Calotoxin1 showed 

only in pre-dusk before irrigation (PD). 

 Cardiac glycosides are observed among different genera of Apocynaceae [32]. It has a role in plant defense system [34]. Mechanical wounding enhances 

these chemical defense of plants [35]. Cardenolide accumulation was enhanced after mechanical wounding in Calotropis gigantea hairy root culture [36] and 

calotropis procera [23]. Cardiac glycosides accumulation includes Uscharidin, Calactin, Frugoside, Uscharin, Asclepin, Uzarigenin, Coroglaucigenin and 

Calotropagenin were studied in-vitro across developmental stages of plant and different parts (stem, leaf and root) [23], they found that the highest concentration 

of cardiac glycosides was in three months old seedling and the variation of accumulation in plant parts depends on compound types. In our study, we focused on 

light effect before and after watering this plant in wild environment and we selected plant leaves (the most sensitive part in plant to light). Our foundation is adding 

new information in cardiac glycosides accumulation in Calotropis procera. Although, we detected the light effect on accumulation of three compounds (Calotoxin, 

α-amyrene, and Uzarigeni), one of them was in two forms (Uzarigenin). As a result, we can add light and watering to previous factors that significantly affect 

pharmaceutical compound accumulation in Calotropis procera. 
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Table 2. Effect of light before and after irrigation treatments on peaks area of glycosides concentrations percentage in Calotropis procera. Dawn (D), midday (M), 

pre-dusk (PD), dawn after irrigation (iD), midday after irrigation (iM) and pre-dusk after irrigation (iPD) 

 

 
α-amyrene 

 

D M PD ID IM iPD 

51.32*±0.329 44.7±1.493 49.3*±0.569 44.56±0.3807 52.73*±2.2554 52.45*±0.5341 

Average values followed by * are significant at 5% Tukey test, P<0.05 

Average values followed by ** are highly significant at 1% Tukey test, P<0.01 

 

Uzarigenin 

D M PD ID IM iPD 

6.28±0.189 13.76*±0.252 11.54*±1.140 15.003*±0.124 13.94*±1.284 12.55*±0.207 

Average values followed by * are significant at 5% Tukey test, P<0.05 

Average values followed by ** are highly significant at 1% Tukey test, P<0.01 

 

Uzarigenin di glycoside 

D M PD ID IM iPD 

16.81*±0.189 21.77**±0.252 17.52*±1.14 14.09*±0.1244 15.04*±1.2849 7.9±0.207 

*significant at 5% Tukey test, (P<0.05) 

**highly significant at 1% Tukey test (P<0.01) 

 

Gene identification  

Through this study, we were able to characterize four genes related to pharmaceutical compounds production. flavonol oxygenase (KU997644) responsible for 

flavonol accumulation which is related to reduce risk of coronary heart disease mortality, stroke, hypertension and reduces C-reactive protein concentrations [37] 

[38] [39] [40].  Oxysterol-binding protein (KX002269) is used in atherosclerosis treatment [41] [42]. Calreticulin (KT943752), this protein plays a role to 

promote macrophages to engulf hazardous cancerous cells [43]. Amyrine synthase (KU997645) is responsible for amyrine accumulation which suggests that it led 

compound for drug development effective in diabetes and atherosclerosis [44]. α, β-amyrine has the potential to combat acute pancreatitis in rats [45]. 

The characterization was done by using RNA-seq raw data. A total of 70,429,953 paird-end short RNA sequence reads were generated for C. procera using the 

HiSeq 2000 Illumina platform (Illumina, San Diego, CA). CLC genomic workbench program was used to perform genome sequencing and characterizing genes. 

Solanum tuberosum geraniol 8-hydroxylase XM_006355445.2 was used as a reference to characterize  flavonol oxygenase , Sesamum indicum oxysterol-binding 

protein XM_011091183.1 was used as a reference to characterize oxysterol-binding protein, Catharanthus roseus amyrine synthase JQ027033.1 was used as a 

reference to characterize amyrine synthase and Medicago truncatula calreticulin XM_003624156.2 was used as a reference to characterize calreticulin  in CLC 

genomic work-bench program. Phylogenetic tree was used to perform genes relationships (Fig. 6) were like those of previous analyses. 

 

https://en.wikipedia.org/wiki/Macrophage
https://www.ncbi.nlm.nih.gov/nucleotide/971564876?report=genbank&log$=nuclalign&blast_rank=2&RID=Z2ME8NJM014
https://www.ncbi.nlm.nih.gov/nucleotide/747084173?report=genbank&log$=nuclalign&blast_rank=2&RID=Z2ME8NJM014
https://www.ncbi.nlm.nih.gov/nucleotide/372863682?report=genbank&log$=nuclalign&blast_rank=2&RID=Z2ME8NJM014
https://www.ncbi.nlm.nih.gov/nucleotide/922347946?report=genbank&log$=nuclalign&blast_rank=1&RID=Z46H2PWB014
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Fig. 6. Phylogenetic analysis of (A) 5 flavonol oxygenase sequences with the obtained C. procera flavonol oxygenase sequence, (B) 5 amyrine synthase sequences 

with the obtained C. procera amyrine synthase sequence, (C) 5 amyrine synthase sequences with the obtained C. procera amyrine synthase sequence, (D) 5 

oxysterol-binding protein sequences with the obtained C. procera oxysterol-binding protein sequence. 

 

 

CONCLUSIONS 

In this study, we focused on detecting the suitable time to isolate some pharmaceutical compounds (Calotoxin, α-amyrene and Uzarigenin) with high concentration 

in Calotropis procera.  Given the importance of these glycosides in medicinal effects such as regulating heart contractions, Benign prostatic hyperplasia, 

antihyperglycemic effect, anti-inflammatory and antioxidant agent, our study gives chance provide opportunities for medical companies to know the suitable time 

to isolate a huge quantity of these components. Subsequently, saving a lot of efforts and money.  Moreover, we succeeded in characterizing and identifying the 

gene responsible for amyrine accumulation (amyrine synthase accession no. KU997645). This finding facilitates amyrine production in vitro in huge amount using 

genetically modified organism. but Also, three genes involved in pharmaceutical compounds in Calotropis procera were identified, calreticulin (KT943752) which 

promotes macrophages to engulf hazardous cancerous cells, oxysterol-binding protein (KX002269) which is related to atherosclerosis treatment, and flavonol 

oxygenase (KU997644) responsible for flavonol accumulation which treats many diseases like reducing risk of coronary heart disease mortality, stroke, etc. 

Therefore, this study suggests that biologists efforts are needed to produce these compound in the lab via genetically modified organism, an approach that provides 

and facilitates a huge production with low price in the future. 
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