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ABSTRACT  

The identification and characterization of two phenolic compounds from the ethyl acetate (EtAc) extract of Calotropis 

procera aerial parts were performed using chromatographic and spectroscopic methods namely Thin Layer 
Chromatography (TLC), Preparative Thin Layer Chromatography (PTLC), High-Performance Liquid Chromatography 
(HPLC), Infrared spectroscopy (FT-IR) and Nuclear Magnetic Resonance (1H-NMR, 13C-NMR).Two major compounds 
were isolated to be the 3, 3’, 4’, 5, 7-pentahydroxy flavones-3-rutinoside (Rutin) and 3,4,5-trihydroxybenzoic acid 
(Gallic acid), the results were confirmed by comparison with standards. In addition, the insecticidal activity of these 
isolated compounds was determined against Parlatoria blanchardi targ individuals, 71.73% and 59.44% mortality were 
recorded at 0.5 mg/ml of Rutin and Gallic acid respectively, after 24 h of treatment; whereas, the larval stages were the 
most sensitive to Rutin treatment (LD50 equal to 0.10 mg/ml for 1st larva and 0.18 mg/ml for 2nd larva). 
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INTRODUCTION 

 Secondary metabolites play an important role in 
plants defense and protect from UV radiation, infection 
and atmospheric exposure like temperature (Cheynier, 
2012; Tiago et al., 2017). During the last decade phenolic 
compounds have received widespread attention due to 
their numerous benefits for human health. For example, 
their direct and indirect antioxidant properties help in the 
precaution of oxidative stress-related to disorders such as 
cancer and cardiovascular diseases (Shahidi and 
Ambigaipalan, 2015; Bhuyan and Basu, 2017). 
Moreover, since their radical-scavenging properties are 
verified, polyphenols are associated during the 
metabolism with anti-carcinogenic and anti-inflammatory 
effects and other diseases caused by excessive oxidative 
stress such as atherosclerosis (Selby-Pham et al., 2017; 
Cheng et al., 2017) 
 C. procera (asclepaiadaceae) is one of flowering 
species widely distributed in West Africa and other parts 
of the tropics (Irvine, 1961). Previous phytochemical 
investigations on C. procera showed the presence of 
cardiac glycosides, flavonoids, phenolic compounds, 
terpenoides, which are well known by their 
pharmacological and therapeutic effects (Mueen Ahmed 
et al., 2005). C. procera organs showed variable phenolic 
amount according to seasonal variation; the highest 

content was recorded for samples of mature leaf, stem 
and apical bud, in winter (Akhtar and Malik, 1998). The 
present paper aimed to identify the phenolic constituents 
of C. procera ethyl acetate fraction since, to the best of 
our knowledge, no phytochemical investigation had been 
carried out previously in Algeria, and to evaluate their 
insecticidal activities towards Parlatoria blanchardi targ 
larvae and adult stages. 

MATERIALS AND METHODS 

Plant materials: C. procera aerial parts (leaves and 
stems) were collected in October 2019 from Djanet at 
Tasili N’Ajjer (Southern-East Algerian Sahara); they 

were washed thoroughly with tap water and shade drying 
for 40 days, then reduced to powder and stored for further 
studies. Plant identification was performed by Professor 
Ammar Eddoud, and insects were identified by Dr Hayet 
Saggou; both are from the department of agronomic 
science at the University of Ouargla. 

Equipment and Chemicals: TLC plates (60 F254 silica 
gel plate on aluminum support) were from Merck 
(Darmstadt, Germany), HPLC (Agilent ChemStation), 
FTIR-8300 (Shimadzu), NMR (Bruker BioSpin 
GmbHAvance with TCI cyroprobe operating at 
400MHz), Binocular magnifier (KARL KOLAB 
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Scientific Technical Supplies D-6072 Dreieich. West 
Germany). 

All analytical grade solvents used were from BIOCHEM 
Chemopharma, except Methanol gradient HPLC grade, 
LiChrosolv Reag. Ph Eur, Germany. 

Authentic standards: Standards were available for 
comparison: (+)-Rutin trihydrate, 97% was obtained from 
Alfa Aesar GmbH& Co KG (Germany), and Gallic acid 
(99%) from BIOCHEM Chemopharma (Quebec).  

Extraction: The dried leaves and stems powder (400 g) 
of C. procera was macerated in methanol (3x2 L) at room 
temperature for 24 hours. The mixture was filtered, then 
dry concentrated to obtain (10.97 g) crude extract; it was 
fractionated successively with petroleum ether, 
chloroform, ethyl acetate, and n-butanol (500 ml ×3) for 
each. Each of the four organic phases were separately 
collected, filtered and finally evaporated to dryness under 
vacuum. 

Phytochemical investigation: To detect the presence of 
phenolics, tests were performed according to the protocol 
described by (Khandelwal, 1995; Evans and Trease, 
2002; Kokate et al., 2009; De et al., 2010). 

Ellagic acid’s test for phenols: EtAc fraction was 
treated with few drops of 5% glacial acetic acid followed 
by 5% Sodium nitrite solution. Appearance of muddy 
brown color indicates the presence of phenols. 

Shinoda’s test for flavonoids: Few drops of concentrate 
HCl were carefully added to EtAc fraction with some 
pieces of magnesium, appearance of red color indicates 
the presence of flavonoids. 

Preparations of sample and standards: For TLC and 
HPLC analysis; EtAc fraction, standards Gallic acid and 
Rutin were prepared by dissolving 0.01 mg in 1 ml of 
Methanol (MeOH) HPLC grade and subjecting them to 
ultrasonication for 5 minutes, to ensure homogeneous 
mixtures. 

TLC analysis: Drops of EtAc fraction and solutions of 
standards were put on TLC plate’s baseline using 
different systems of solvents to obtain the best separation. 
Concerning the visualization of separated components, 
dried TLC plate’s evaporated with Neu’s reagent, heated 
at 100°C for 5 min then checked under UV light at 360 
and 254 nm. 

Isolation of EtAc compounds by PTLC: Using silica 
gel preparative TLC, two well-separated fluorescent spots 
were isolated: compound (1) and compound (2). They 
were scraped out and collected then extracted with 
MeOH for further experimental (HPLC, FT- IR, NMR) 
analysis. 

HPLC analysis: in order to ensure the purity of the 
isolated compounds, samples of 20 μl of EtAc fraction, 

compound (1) and compound (2) were filtered through 
0.45 μm filters then injected into analytical HPLC system 
using the following conditions : mobile phase composed 
of A: 1% acidified H2O, C: MeOH; flow C= 5% to 95 % 
for 55 min then C= 5% for 3 min , the column was C18 
(25 cm x 4.6 mm, 5 μm), at max column temperature 
60˚C, the effluent was monitored at 254 nm by UV 
detector with flow rate 1.0 ml/min and Pmax = 400 bar.  

Spectroscopic analysis: KBr discs of compounds 1 and 
2 were subjected to FT-IR analysis in the range of 
scanning 4000-400 cm-1 at a resolution of 8 cm-1.1H-
NMR and 13C-NMR analysis of both compounds used 
their solutions in MeOD, and as an internal standard 
Tetramethylsilane (TMS) was used. The chemical shift 
values (δ) and the coupling constants (J) were reported in 
ppm and Hz unit respectively. 

Bioassays: Leaves from highly infested and non-infested 
date palm by Parlatoria blanchardi targ were collected 
from Metlili oasis at Ghardaia province- Algeria. 
Sufficient pieces of palm leaflets equal to 2 cm each were 
prepared for the treatment; after using a binocular 
magnifier, the number of living individuals (male, 
female, 1st and 2nd fixed larva) was determined.  
 The following five doses from each compound 
(isolated Rutin and Gallic acid): 0.5, 0.4, 0.3, 0.2, 0.1 
mg/ml were tested. In every glass Petri dish was placed 3 
pieces of leaflets on soaked cotton to keep them moist. 
As a negative control; distilled water was used. The 
biological variables of P. blanchardi adults and larvae 
were daily (24 h), each treatment was replicated 3 times. 
The LD50 values were determined using Excel software 
by Probit analysis method as described by Cavelier 
(1976). 

RESULTS AND DISCUSSION 

 Phytochemical screening of C. procera aerial 
parts extract showed the presence of large number of 
compounds. Therefore, it was fractionated gradually with 
Petroleum ether, Chloroform, Ethyl acetate and n-Butanol 
to give the following fractions masses successively, (5.34 
g), (3.13 g), (0.50 g), (1 g). Ellagic acid and Shinoda’s 
tests indicated that EtAc fraction presented important 
quantities of phenol and flavonoids. In order to identify 
them, the fraction was subjected to further purification. In 
fact, previous studies reported the presence of phenols in 
Calotropis genus and especially, in the EtAc extract of C. 

gigantea root bark and C. procera leaves and bark 
(Mehmood et al., 2020; Hasballah et al., 2021). 
 Effectively, analytical TLC of EtAc fraction 
were monitored under UV light at 366 and 254 nm using 
Chloroform: Ethyl acetate: Methanol: Formic acid (70: 
14: 14: 10 v/v) as a mobile phase, it is considered one of 
the best solvent system used for phenolic compounds 
separation particularly flavonoids (Wagner and 
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Bladt,2008). Using standards, this qualitative result 
revealed the presence of Rutin (compound 1) and Gallic 
acid (compound 2). Once the TLC plates sprayed with 
Neu’s reagent and then exposed to UV-Vis light at 366 
nm, compound 1 (Rf: 0.18) was intensely orange and 
compound 2 (Rf: 0.62) was intensely blue). However, at 
254 nm compound (1) presented an intensely yellow 
color but compound (2) showed a black color; in fact, 
they were the same colors observed for Gallic acid and 
Rutin standards, but in less intensity. By PTLC, isolated 
compounds were obtained in form of colored crystals; 
compound (1) ones were yellow and those of compound 
(2) were white. To confirm their purity, they were 
analyzed by HPLC. Figure 1 illustrates EtAc fraction 

profile which clearly shows that the EtAc part contains 
two compounds with 7.13 min (90.38%) and 29.72 min 
(9%) retention time. 
 As it is showed on Figure 2, both TLC and 
HPLC chromatograms show obviously one major peak 
with another less concentrated (Figure 2). The first 
compound refers to Rutin and the second one to Gallic 
acid that were purified from EtAc fraction of C. procera 
aerial parts. These results are consistent with Patel et al., 
(2014), who showed that C. procera has significant 
phenolics and flavonoids content in leaves, flower and 
root. The content of each compound could change 
according to geographical origin and the extraction 
method (Mehmood et al., 2020). 

 

 
Fig.1. HPLC chromatogram of EtAc fraction at λ=254 nm. 

 

 
Fig.2. TLC and HPLC chromatograms of isolated compounds (1) and (2) at λ=254 nm. 

 

 First of all, the isolated compounds were 
analyzed by IR (KBr). IR spectrum of compound (1) 
displayed the following vibrations Vmax (cm-1): 3409 
and 3321(O-H stretching), 2935.5 (aromatic CH2), 2661.6 
and 2720 (aromatic CH bonding), 1631.7 (C=O), 1596.9 
(C=C Vibration of aromatic groups), 1462 (C=O), 1384.8 
(C-OH), 1114.8 (C-O). 

 Regarding the IR (KBr) data recorded for 
compound (2) it show the presence of a band at 3232.5 
cm−1 indicating hydroxyl groups (O-H), at 2426 cm−1 for 
(CH) bond, 1631.7 cm−1 for carbonyl groups (C=O), The 
absorption bands 1608.5, 1446.5, 1384.8, 1238.2, 1029.9 
cm−1 respectively indicating the presence of benzene 
cycle attached with three –O-aryls directly, 717.5 cm−1 
confirmed substituted benzene.  However, for a further 

2 1 
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investigation of isolated compounds structures, that 
should be identified using 1H-NMR, 13C-NMR process on 
the basis of their NMR data as well as by comparison 
with literature.  
 In 1H-NMR (400 MHz in MeOD, ppm) 
spectrum of isolated compound (1) all resonances of 
hydroxylic aromatic groups OH (C-4’), OH (C-3’), OH 
(C-7) and OH (C-5) were visible from 8 to 12.5 ppm; 
aromatic CH moieties (C-6’, C-5’, C-2’, C-6  and C-8) 
appeared from 6 to 8 ppm; the aliphatic hydroxylic 
groups of the sugar units could be observed from 4 to 6 
ppm, rutinose CH signals were detected from 3 to 4 ppm 
in particular, positions H-(C-6’’), H-(C1’’), H-(C-1’’’) 
were well-separated as double signals appearing at 5.23, 
3.93, and 1.26 ppm. The assignment of the resonances 
was performed according to the literature (Jeon et al., 
2014; Pivec et al., 2019). 
 Whereas, in 13C-NMR (MeOD, 400 MHz, δ 
ppm) spectrum was present the following signals 18.74 
(C-6’’’), 69.40 (C-6’’), 70.56 (C-5’’’), 72.25 (C-2’’’), 
72.96 (C-3’’’), 73.09 (C- 4’’), 74.78 (C-4’’’), 76.58 (C-

2’’), 78.08 (C-5’’), 79.04(C-3’’), 95.71 (C-8), 100.79 (C-
6), 103.27 (C-1’’’), 105.57 (C1’’), 106.48 (C-10), 116.90 
(C-2’), 118.54(C-5’), 123.79 (C-6’), 124.40 (C-1’), 
136.48 (C-3), 146.70 (C-3’), 150.67 (C-4’), 159.37 (C-9), 
160.19 (C-2), 163.85 (C-5),166.90 (C-7), 180.28 (C-4). 
13C-NMR data of isolated compound (1) in comparison 
with 13C-NMR of Rutin obtained from the references 
(Olennikov and Partilkhaev, 2012; Selvaraj et al., 2013) 
was confirmed it as 3, 3’, 4’, 5, 7-pentahydroxy flavones-
3-rutinoside (Rutin C27H30O16), illustrates in Figure 3. 
 As for the elucidation of compound (2); 1H-
NMR and 13C-NMR spectrums (400 MHz in MeOD, 
ppm) were employed, where its 1H-NMR spectrum 
showed the presence of an aromatic singlet at δH 7.08 
(2H, s), at δH 4.89 (3H, s) a broad singlet confirmed the 
presence of three OH-aryls. Table 1 illustrates the 
obtained data (compound 2) compared with those of 
Gallic acid isolated from chloroform fraction of 
syzygium litorale stem bark (Tukiran et al., 2016). It was 
characterized as 3, 4, 5-trihydroxybenzoic acid (Gallic 
acid). Figure 4 illustrates its structure. 

Table.1. 1H- NMR and 13C-NMR spectral data of isolated Gallic acid compared with reference Gallic acid 

 

Position Compound (2) Gallic acid (Tukiran et al,2016) 

δC (400 MHz) δH (400 MHz) δC (400 MHz) δH (600 MHz) 

2(6) 111. 16 7.08(s) 110.37 7.06 (s) 
1 122.80  122.04  
4 140.43  139.63  
3(5) 147.23  146.44  
7 171.24  170.45  
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Fig.3. 3, 3’, 4’, 5, 7-pentahydroxy flavones-3-rutinoside (Rutin). 
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Fig.4. 3,4,5-trihydroxybenzoic acid structure (Gallic acid). 

 

 The present study provides a detailed report on 
the isolation and structure elucidation of 3, 3’, 4’, 5, 7-
pentahydroxy flavones-3-rutinoside (Rutin) and 3,4,5-
trihydroxybenzoic acid (Gallic acid ) from ethyl acetate 
fraction of C. procera aerial parts from Algeria. These 
results were consistent with those found by Oraibi and 
Hamad (2018), who separated and purified Rutin, 
Quercetin and Kaempferol from C. procera ethyl acetate 
extract in Iraq. Furthermore, the comparison study 

conducted by Gholamshahi et al., (2014), in Jiroft and 
Bam regions of Kerman, Iran, which analyzed total 
phenols in C. procera leaves and latex extracts, showed 
that Gallic acid content were high in leaves extracts with 
9.72 and 9.02 mg Gallic acid/g dry weight (in Bam and 
Jiroft plants, respectively). 
 Besides, the insecticidal study has evaluated five 
treatments containing: 0.5, 0.4, 0.3, 0.2, 0.1mg/ml of 
isolated Rutin and Gallic acid, as Figure 5 present.  

 

 
Fig.5. The toxicity effect of isolated Rutin, Gallic acid against P. blanchardi. 

 
 Effectively, the mortalities at 5 mg/ml vary 
between 71.73% and 13.59%; isolated Rutin provided the 
highest mortality rate on P. blanchardi stages evaluated 
to 71.73± 3.13% while 59.44 ± 3.82% was recorded for 
Gallic acid at the same concentration; the lowest 
percentages (16.46 ± 1.38%) and (13.59 ± 0.89%) were 
presented by Rutin and Gallic acid respectively at 0.1 
mg/ml. Probably, oxygen radicals formed from phenolic 

compounds oxidation were the cause of the compounds 
toxicity; in fact, these radicals disrupt the ability of 
membrane integrity and the metabolism in the gut 
epithelium, precipitating proteins from feeding 
deterrence, digestion inhibition, digestive enzymes 
(Appel,1993). In particular, even at low doses, flavonoids 
can be feeding deterrents for phytophagous insects 
(Batista Pereira et al., 2002). Overall, an acceptable 
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toxicity effect was recorded for isolated rutin and gallic 
acid on P. blanchardi stages. Nevertheless, it is 
interesting to note that isolated rutin was more toxic than 
gallic acid towards all fixed larval stages; but, larvae 
were more susceptible than adults. 

 Regarding the sensitivity of male individuals, a 
similar effect was recorded for treatment with Rutin and 
Gallic acid with an LD50 equal to 0.33 mg/ml and 0.36 
mg/ml respectively. Whereas the female stages were 
more resistant to treatment with gallic acid than with 
rutin with an LD50 equal to 0.5 mg/ml (Figure 6). 

 

 
Fig.6. LD50 of isolated Rutin, Gallic acid against P. blanchardi. 

 
 The study carried out by Piubelli et al (2006) to 
evaluate the biological and physiological activity of rutin 
on populations of A. gemmatalis proved that Rutin have 
deleterious effects which reduced food intake by A. 
gemmatalis population, whereas, the larvae from the 
resistant population were more negatively influenced by 
Rutin even at low concentration of Rutin (0.65%) to the 
insect diet. The obtained results have demonstrated that 
ethyl acetate fraction of C. procera aerial parts and its 
flavonoids content had a potent insecticidal and larvicidal 
effect towards P. blanchardi adults and larvae, these 
selective compounds could be beneficial as naturally 
insecticidal and larvicidal compounds. 

Conclusion: This work represents a detailed report on the 
phenolic composition of the ethyl acetate fraction of the 
aerial parts of C. procera from Algeria, as well as on its 
insecticidal potential. In fact, the analysis of the data 
provided by TLC, PTLC, HPLC, FT-IR, and NMR 
allowed the identification of two phenolic compounds, 
namely, 3, 3', 4', 5, 7-pentahydroxyflavones-3 -rutinoside 
(Rutin) and 3,4,5-trihydroxybenzoic acid (Gallic 
acid).While, the bioactivity study demonstrated the 
variable efficiency of these two phenolics against P. 

blanchardi stages. 
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