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ABSTRACT 
 
This study aims to evaluate the presence of flavonoids in flowers of different Allamanda species and quantify the 
rutin by high performance liquid chromatography. The gradient method employs a Phenomenex C18 column with 
methanol, acetonitrile and water acidified with constant flow of 0.8 mL min-1 and photo diode array (PDA) detection 
at 355 nm. It was possible to detect several flavonoids in the flowers extract, including rutin with Rt 29.6 ± 0.5 min. 
Good linearity (correlation coefficient >0.999) for calibration curve of standard rutin was achieved. The limits of 
detection and quantitation were 0.25 and 2 µg mL-1, respectively. The accuracy, in terms of recovery percentage, 
ranged from 98.18% to 100.9%. The following concentrations of rutin in the ethyl acetate fraction were obtained: A. 
cathartica 18.46 ± 0.04, A. schottii 24.85 ± 0.08 and A. blanchettii 45.22 ± 0.08 mg 100g of fresh flowers. The 
Allamanda is an excellent font of flavonoids.  
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INTRODUCTION 
  
Among the plants of great interest are the genus Allamanda, which belongs to Apocynaceae family [1]. Numerous 
biological activities have been reported in this genus, such as fungicide, bactericide, antiviral and antileukemic [2-5]. 
Between the classes of secondary metabolites isolated are flavonoids, iridoids, terpenoids, coumarins and lignans [6-
11].  
 
In Brazil, ten species of this genus are found distributed throughout the national territory. The most common are A. 
cathartica (large and yellow flowers), A. schottii (small and yellow flowers) and A. blanchetti (large pink / purple 
flowers) [12]. Flavonoids are mainly found in flowers in this genus. kaempferol, quercetin, rutin have been isolated 
from Allamanda schottii and Allamanda cathartica [5,7,8]. While in the leaves the iridoids and terpenoids are the 
majority [2, 3, 5-9]. Volatile compounds such as linalool and β-cariofilene are isolated too [10]. 
 
Among the classes of secondary metabolites with pharmacological potential stand out the flavonoids as rutin, which 
play a vital role in protection against oxidizing agents, such as ultraviolet rays [13], environmental pollution and 
chemical in foods, among others. They also act as therapeutic agents in a large number of pathologies such as 
atherosclerosis, hypertension, attenuation of collagen-induced arthritis and to delay the initiation of Alzheimer’s 
disease [14-17]. 
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This study aims to evaluate the presence of flavonoids in flowers of these species and quantify the flavonoid rutin by 
high performance liquid chromatography in an attempt to direct the extraction process to obtain better yields of 
secondary metabolites of interest. 
 

EXPERIMENTAL SECTION 
 
Chemicals 
Rutin (95% purity) was obtained from Sigma-Aldrich (Germany). Methanol and acetonitrile were purchased from 
Tedia ® (HPLC grade). Distilled water was obtained from a Millipore Direct-Q water-purification system and used 
in all solutions. Other reagents were of analytical grade. 
 
Plant Material 
The flowers of A. cathartica, A. schottii and A. blanchettii were collected in Ilhota, Blumenau and Itajaí, cities in the 
state of Santa Catarina, Brazil on December of  2010.   The specimens were deposited in the Herbarium Barbosa 
Rodrigues in Itajai - SC under codes HBR 52742, 52524, 52525, respectively. 
 
Preparation of extracts  
Fresh flowers of A. cathartica, A. schottii, and A. blanchettii (200 g each species) were ground separately in 
multiprocessor and submitted to maceration with 2000 mL ethanol for seven days and this procedure was performed 
twice. The crude extracts were obtained by evaporation of the solvent under reduced pressure on rotary evaporator at 
a temperature below 50°C. Five grams of crude extract were each separately dissolved in methanol: water (90:10) 
and subjected to liquid-liquid partition with solvents of increasing polarity, thereby obtaining the semi purified 
fraction of hexane, dichloromethane and ethyl acetate.  The ethyl acetate fractions were analyzed by high 
performance liquid chromatography (HPLC) with emphasis on flavonoids. An aliquot of 1 mg of each fraction were 
diluted in 1 ml of a mixture of methanol (A), acetonitrile (B) and acidic water (C) (H3PO4 0.5% v / v) at a ratio of 
(A:B:C 70:10:20), respectively. Then the solutions were filtered through a micro-filter of 0.45 micrometers before 
HPLC analysis. 
 
Standard solution 
A stock solution of rutin standard of 0.2 mg mL-1 was prepared in methanol. From this solution eight dilutions were 
performed to prepare standard solutions at concentrations of 2, 4, 8, 12, 20, 50, 100, 150, 200 µg mL-1, 20 µL of 
each standard solution were used for plotting the standard curve of rutin. 
                                                     
HPLC instrumentation and chromatographic conditions 
Chromatographic analysis was performed on a Waters liquid chromatograph® 2996 system, equipped with a 600 
quaternary gradient pump, UV detector and Waters ® 717 plus autosampler with injection volume of 20 µL. The 
analytes were separated on a Phenomenex® Luna-phase C18 analytical column (250 mm x 4.6 mm x 5 µm) 
protected by a C18 guard column. The column temperature was set at 25 °C. For the development of the analytical 
method various analysis conditions have been tested, such as varying the mobile phase, gradient and flow. An 
external standard method was used to determine the concentration by a calibration curve. All solutions were injected 
in triplicate with constant flow of 0.8 mL min-1. After some modifications in the gradient, a good condition of the 
mobile phase was obtained by the combination of A:B:C. The gradient elution was programmed as follows: 0-10 
min, (10:10:80 to 20:10:70), 10-20 min, (35:10:55), 20- 35 min, (50:10:40), 35-50 min, (70:10:20), 50-60 min, 
(50:10:40) and 60-65 min, (10:10:80) than return to the initial condition. In this chromatographic condition rutin had 
retention time (Rt) next to 29.5 ± 0.1 min. The peak area measurements were used for the quantification. 
 
HPLC/UV validation method 
The method was validated according to linearity parameters, accuracy, limit of detection (LOD), limit of 
quantification (LOQ), accuracy and specificity.  
 
To check the method linearity, nine different concentrations of the standard solution were prepared, as described for 
the Standard Solution, ranging from 2-200 µg mL-1. The solutions were injected in triplicate and monitored at 355 
nm. Calibration graphs were plotted subsequently for linear regression analysis of the peak area with concentration. 
 
The method precision was determined by analyzing three standard solutions containing rutin at a concentration of 
50.6 mg mL-1. Each analysis was performed five times on the same day, obtaining the total of 15 injections. 
According to literature, the accuracy can be expressed as the relative standard deviation (R.S.D.) not accepting 
values above 5% [18, 19]. 
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The detection and quantification limits were obtained by the method of signal-to-noise ratios of 3:1 and 10:1, 
respectively. Thus, a standard solution of rutin suffered successive dilutions yielding solutions of low concentration 
and these were injected until the signal-to-noise ratio was of 3:1 to LOD and 10:1 to LOQ [19]. 
 

To evaluate the method accuracy a recovery experiment was performed. Four replicates of the ethyl acetate fraction 
of A. blanchettii (1 mg mL-1) were spiked with different amounts of a standard solution containing rutin, (202.4 µg 
mL-1). The addition of standard solution in the fraction was carried out at different concentrations. Each analysis was 
performed in triplicate in the same vial and this procedure was performed three times. The recovery percentage was 
calculated using the relationship of the levels detected (real) to those added (theoretical). 
 
The specificity was analyzed after subtracting the mean concentration of vial 1 from the vial 3. The value obtained 
was compared with the average concentration of rutin contained in the vial 5 by a rule of three, where the average 
concentration of the vial 5 is equal to 100%.   
 
Quantification of active constituents 
For the markers quantification it was used the external calibration method, which compares the area of the substance 
to be quantified in the sample with the areas obtained by the injection of solutions of known concentrations prepared 
from a reference standard of the analyte [19].  
 
The value of the areas obtained in triplicates of the marker was recorded by Empower software. We calculated the 
mean of triplicates, standard deviation (s) and R.S.D. to check the reproducibility of the data. The values of R.S.D 
were lower than 5%, analyzes were considered reproducible and by the straight line equation of the analytical curve 
of the marker were obtained the concentrations of the marker in each species. 
 
Statistical analysis 
After rutin quantization the data were interpreted using analysis of variance (ANOVA) using F-test at 5% 
significance level. The mean values of concentrations of rutin of each fraction of the respective species were 
compared using Tukey test and adopting the significance level of 5%. Statistical analyzes were performed using the 
statistical application version 6.0, Statsoft, Inc. STATISTICA. 
 

RESULTS AND DISCUSSION 
 
The yield of extracts obtained after maceration of flowers of the species A. cathartica, A. schottii and A. blanchettii 
were 7.06, 6.84 and 8.53%, respectively. According to the results there is a similarity in the mass obtained from the 
species A. cathartica and A. schottii. However, the A. blanchettii showed an increase of mass in relation to other 
species. The extraction by maceration has the advantage of using cold solvent which minimizes the secondary 
metabolites decomposition. 
 
The ethanolic extracts of A. cathartica, A. schottii and A. blanchettii was divided into hexane, dichloromethane and 
ethyl acetate soluble fractions by liquid-liquid partition and the results are shown in Table 1.  
 

Table 1. Yield of the fractions obtained from ethanolic extract (5 g) of the flowers of the Allamanda species 
 

Plant Hexane (mg) Dichloromethane (mg) Ethyl acetate (mg) Total (mg) 
A. cathartica 13.8 72.0 126.3 212.1 
A. schottii 481.9 96.6 186.3 764.8 
A. blanchettii 150.3 124.3 326.5 601.1 

 
The yields obtained from the sum of the mass fractions for each species did not exceed 764.8 mg (A. schottii), it can 
be said that the substances found in all extracts have very high polarity, keeping in the aqueous fraction. These 
compounds are probably sugars. Flavonoids and iridoids were the main group of compounds found in the fractions. 
This information was obtained by thin layer chromatography.  
 
When assessing the mass extracted by the solvents used, it was found that A. cathartica and A. blanchettii showed 
higher yield in the ethyl acetate fraction, noting a higher concentration of polar compounds, as flavonoids. On the 
other hand A. schottii had the highest yield in the hexane fraction with higher concentration of nonpolar compounds. 
These differences indicate very different requirements for the production of secondary metabolites between species. 
Other factor that could explain these differences is that each species was collected in a different location, with 
different soil and suffering solar radiation, humidity or insect attack effects in different ways, enabling the 
differentiation in the production of secondary metabolites. 
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Qualitative analysis by HPLC 
In this work, it was developed a sensitive method to analysis of flavonoids in Allamanda species flowers and 
validated for quantitative analysis of rutin. The method showed a satisfactory separation of the flavonoids, mainly 
rutin, the main component in the ethyl acetate fractions, with good resolution within a short space of time using a 
gradient method. The flavonoids were detectable under the wavelength of 355 nm. 
 
The figure 1 shows the chromatogram of marker rutin (figure 1A) and ethyl acetate fractions of different species 
(figure 1 B, C and D) obtained under the same analytical conditions. The marker has chromatographic Rt of 29.5 ± 
0.1 min. Gupta et al., [21] describes an HPLC method to analyze rutin content in Fagopyrum species and report a 
retention time for rutin of 8,1 min. 
 

Fig. 1. Chromatographic profile of the standard rutin (A); Chromatogram of the ethyl acetate fraction of flowers A. Cathartica (B), A. 
Schottii (C), A. Blanchettii (D). For Chromatographic conditions see experimental session 
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Kuntic et al., [22] validated a rapid, accurate and precise method for determination of rutin in pharmaceutical dosage 
forms and the retention time of this compound is 2.3 min. However plant extracts are complex mixtures and have 
several classes of compounds. In the present study we aimed to improve separate all constituents present in the 
extract. This resulted in an increase of the retention time of the flavonoids. 
 
The peaks named 1, 3, 6, 7, 8, 9, 11 and 12, with retention times of 23.8, 27.7, 28.6, 29.5, 31.6, 32.4, 33. 7 and 41.2 
± 0.1 min (Figure 1), showed characteristic UV profile of flavonoids. All these peaks were found in species A. 
schottii and A. blanchettii. However, in A. cathartica the peaks 1, 2 and 3 were not detected. The peak 7 shows 
retention time and UV profile similar to the flavonoid rutin. There was greater similarity to the chromatographic 
profile of the species A. schotti and A. blanchettii. 
 
HPLC method validation 
The chromatographic method proposed was validated to determine the LOD, LOQ, linearity, intra-day precision and 
accuracy. Method linearity was checked by calibration curve. The linear regression equation for rutin was expressed 
as y =  40300x - 24700, with correlation coefficient r = 0.9993 and coefficient determining (r2) 0.9986. Therefore, the 
r value was found around 1, indicating that the method showed a good linear fit and that the measurement results 
obtained were directly proportional to analyte concentration in the range 2-200 µg mL-1. The coefficient of 
determination (r2) indicated that the response of the straight line equation for calculating the concentration of the 
rutin marker was 99.86%. 
 
The intra-day precision (repeatability) of the HPLC analytical method proposed expressed as percent R.S.D., was 
determined by analysis of three standard solutions containing rutin at a concentration of 50.6 µg mL-1. Each analysis 
was performed five times on the same vial, obtaining the total of 15 injections. The R.S.D. of these three standard 
solutions were 0.14, 0.21 and 0.69%. Observing the results it was found that the method showed good repeatability, 
since the R.S.D. value not exceeded 0.69%, which is less than specified by Resolution RE No. 899 [20], that 
specifies the current limit of the coefficient variance of 5.0%. 
 

Table 2. Recovery test of standard rutin in ethyl acetate fraction of the flowers of A. blanchettii 
 

Theore concentration  
standard (µg mL-1) 

Área (average) 
± s 

Area (average)  
minus the area of the extract ± s 

Average concentration  
recovered ± s (µg mL-1) 

%   
Recovery 

10.12 685145.3333 ±1775.694 380131.3333 ±4003.769 10.04 ± 0.10 99.21 
 683840.3333±1251.208 380873.6667 ±1079.051 10.06 ± 0.03 99.41 
 684995.6667 ±1250.233 380667.6667 ±1381.437 10.05 ± 0.03 99.31 

50.60 2285714.000 ±7080.571 1980700.000 ±6327.525 49.76 ± 0.16 98.34 
 2336426.667 ± 12652.300 2033460.000 ±12756.667 51.07 ± 0.32 100.90 
 2281646.333 ±6468.635 1977318.333 ±6934.102 49.68 ± 0.17 98.18 

91.08 3889316.000 ±4633.142 3584302.000 ±6649.160 89.55 ± 0.16 98.32 
 3887013.333 ±5573.570 3584046.667 ±5501.816 89.54 ± 0.14 98.31 
 3887326.000 ±6082.501 3582998.000 ±5356.909 89.52 ± 0.13 98.29 

Average ± s    98.92 ± 0.89 
s= standard deviation 

 
The LOD and LOQ found for rutin was 0.25 µg mL-1 and 2 µg mL-1, respectively. The accuracy, in terms of 
recovery, was performed by spiking the ethyl acetate fraction with standard at specific concentration and then 
determined by HPLC method. The results of the recovery assay are shown in Table 2. The mean values for rutin was 
98.92 ± 0.89. The R.S.D. was relatively low, about 0.90%. These values are consistent with the acceptance criteria 
for methodology validation described in the literature, making the methodology validated for the quantification of 
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the marker in the fractions of the species A. cathartica, A. schottii and A. blanchettii. Correlating the results of 
recovery test of the rutin, it was found that these are within the acceptable range of variation (70-120%) for the 
recovery experiments [19]. The specificity was 98.43%. 
 
HPLC-UV quantification of the flavonoid rutin in Allamanda flowers 
The flavonoid rutin was quantified in the ethyl acetate fraction of the Allamanda species flowers using the 
developed and validated HPLC method. The concentration was determined by the corresponding regression 
equation. It was found that there are significant differences with p <0.05 (Tukey test) by comparison of the mean 
concentration of rutin in the three species. 
 
It was found that all mean concentrations of rutin are different from each other. In flowers of A. cathartica the 
concentration  was 103.528 ± 0.239 µg mg-1 dry fraction, followed by A. schottii  97.423 ± 0.310 µg mg-1 dry 
fraction and the  A. blanchettii  81.189 ± 0.137 µg mg-1 dry fraction. With these results it was possible to calculate 
the amount of rutin per 100 grams of fresh flowers. The concentration data were calculated by correlation of the 
rutin concentration in the ethyl acetate fraction with the mass yield of crude extract. It was obtained the following 
amounts: A. cathartica 18.46 ± 0.04, A. schottii 24.85 ± 0.08 and A. blanchettii 45.22 ± 0.08 mg 100g of fresh 
flowers.  The results were also interpreted by analysis of variance (ANOVA) using F test at 5% level of significance. 
Comparing the values, it was observed that the average concentration of rutin in 100 g of fresh flowers were 
different from obtained by the ethyl acetate fraction, where the highest concentration of rutin was found in A. 
blanchettii, due to the higher yield of the fraction and the crude extract.  
 
Gonçalves et al., [23] developed an HPLC method to quantify rutin in the flowers fractions of Viola tricolor in a 
single run using mobile phase isocratic elution (50: 50 v/v, methanol: water adjusted to pH 2.8 with phosphoric 
acid), a Merck LiChrospher® 100 RP-8 (5 µm) LiChroCART® column. The contents of rutin present in the butanolic 
and ethyl acetate fractions were 143.57 ± 8.48 and 33.70 ± 0.81 mg of rutin g dry fraction, respectively. 
 
Rutin has been quantified in various medicinal plants and its content varies with species. For example 8.6% in herbs 
of Ruta graveolens, 3.36% in flowers of Viola tricolor and 3.4% in herb of Rosmarinus officinalis [24]. Gupta et al., 
[25] quantify rutin content in 195 accessions of Fagopyrum species and obtained a wide range of variation from 6 
µg mg-1 to 30 µg mg-1 dry weight. Therefore, our results suggest that Allamanda species, especially its flowers, are a 
promising source of rutin. 
 

CONCLUSION 
 
Through this work a simple, fast, selective, precise and accurate HPLC-PAD method has been developed for 
analysis of flavonoids and quantification of rutin in extracts of Allamanda flower species. This method can be useful 
to the pharmaceutical analysis of flavonoids in extracts of plants due to pharmacologically effect important of this 
class of compounds. 
 
 Acknowledgements 
The authors are grateful to Prof. Oscar Benigno Isa for the botanical classification of species. This study was 
supported by government grants from Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq) and 
Fundação de Amparo à Pesquisa e Inovação do Estado de Santa Catarina (FAPESC). Universidade do Vale de Itajaí 
(UNIVALI) also provided financial support (fellowship). 

 
REFERENCES 

 
[1] AB Joly. Botânica: introdução à taxonomia vegetal, 12th Edition, Companhia Editora Nacional, São Paulo, 
Brasil, 1998. 
[2] JE Anderson; CJ Chang; JL McLaughlin, J. Nat. Prod., 1988, 51(2), 307-308. 
[3] SN Dixit; SC Tripathi; TN Ojaha, J. Antibac. Antifungal Agents., 1982, 10(5), 197-199. 
[4] F Abe; T Yamauchi, Phytochemistry., 1988, 27(2), 575-577. 
[5] DFN Schmidt; RA Yunes; EH Schaab; A Malheiros; V Cechinel-Filho; GC Franchi Jr; AE Nowill; AA Cardoso, 
JA Yunes, J. Pharm. Pharmaceutic. Sci., 2006, 9(2), 200-208. 
[6] J Bhattacharyya; MSQ Morais, J. Nat. Prod., 1986, 49, 354-355. 
[7] S Ganapaty; DV Rao; RD Venkata, Indian J. Pharm. Sci., 1988, 50, 134-135. 
[8] S Ganapaty; DV Rao; T Akihisa; T Matsumoto, Indian J. Pharm. Sci., 1989, 51, 256-258. 
[9] J Joselin; TSS Brintha; AR Florence; S Jeeva, Asian Pac. J. Trop. Dis., 2012, 2, S260-S264. 
[10] JGS Maia; MDB Zoghbi; EHA Andrade; LMM Carreira, J. Essent. Oil Res., 2000, 12, 322-324. 



Angela Malheiros et al                 J. Chem. Pharm. Res., 2015, 7(2):409-415 
______________________________________________________________________________ 

415 

[11] MA Moraes-Souza; MSB Cavalcanti; GM Maciel; MCM Araújo; FF Mello, Rev. Inst. Antibiot., 1981, 20, 29-
34. 
[12] ME Endress; PV Bruyns, Bot. Rev., 2000, 66, 1-56. 
[13] A Gaberscik; M Voncina; T Trost; M Germ; LO Bjorn, J. Photochem. Photobiol. B., 2002, 66, 30-36. 
[14] G Agati; E Azzarello; S Pollastri; M Tattini, Plant Sci., 2012, 196, 67-76.   
[15] H Javed; MM Khan; A Ahmad; K, Vaibhav; ME Ahmad; A Khan; M Ashafaq; F Islam; MS Siddiqui; MM 
Safhi; F Islam, Neurosci., 2012, 210, 340-352. 
[16] S Umar; NK Mishra; K Pal; M Sajad; Neha; M Ansari; S Ahmad; CK Katiyar; HA Khan,  Indian J. Rheumatol., 
2012, 7, 191-198. 
[17] RJ Williams; PE Spencer, Free Radical Biol. Med., 2012, 52, 35-45. 
[18] S Chandran; RSP Singh, Pharmazie., 2007, 62, 4-14. 
[19] M Ribani; CBG Bottoli; CH Collins; ICSF Jardim; LFC Melo, Quím. Nova., 2004, 27(5), 771-780. 
[20] Resolução n◦ 899 de 29 de maio de 2003. Brasil. Anvisa. Agência Nacional de Vigilância Sanitária. MS. Guia 
Para Validação de Métodos Analíticos e Bioanalíticos, 2003. 
http://portal.anvisa.gov.br/wps/wcm/connect/4983b0004745975da005f43fbc4c6735/RE_899_2003, accessed in 
October 2014. 
[21] N Gupta; SK Sharma; JC Rana; RS Chauhan, J. Plant Physiol., 2011, 168, 2117-2123. 
[22] V Kuntic; N Pejic; B Ivkovic; Z Vujic; K Ilic; S Micic; V Vukojevic, J. Pharm. Biomed. Anal., 2007, 43, 718-
721. 
[23] AFK Gonçalves; RB Friedrich; AA Boligon; M Piana; RCR Beck; ML Athayde, Free Rad. Antiox., 2012, 2(4), 
32-37. 
[24] E Sofic; A Copra-Janicijevic; M Salihovic; I Tahirovic; G Kroyer, Med plants., 2010, 2(2), 97-102. 
[25] N Gupta; SK Sharma; JC Rana; RS Chauhan, Fitoterapia., 2012, 83, 1131-1137. 


