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ABSTRACT: A rapid and simple high-performance liquid chromatography method with a Photo Diode Array (PDA) 
detector is developed for the simultaneous analysis of seven kaempferol, quercetin and myricetin derivatives along 
with an acylated flavonoid glycoside; trans-tiliroside from different Cistus species. In this study, the qualitative and 
quantitative analysis of the methanolic extracts of three Cistus species (C. creticus L., C. laurifolius L. and C. salviifolius L.) 
growing in Anatolia in terms of characterization of flavonoid compounds were performed by RP-HPLC for the first 
time. Trans-tiliroside, a mono-coumaroyl kaempferol glucoside was found to be the most abundant flavonoid in C. 
salviifolius (0.276±0.003 g/100 gextract) and C. creticus (0.253±0.001 g/100 gextract) while hyperin (0.149±0.004 g/100 gextract) 
and myricetin 3-O-β-galactopyranoside (0.139±0.006 g/100 gextract) were found to be the most intense flavonoids in C. 
laurifolius samples. The described HPLC method appears suitable for the determination of the Cistus flavonols and their 
glycosides and can be considered as an effective and alternative procedure for the identification and quantification of 
this important class of biologically active compounds. 
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 1.  INTRODUCTION 

The genus Cistus (Cistaceae) comprises more than 20 species distributed mainly in Mediterranean 
countries and five species with no endemism in Flora of Turkey [1, 2]. Cistus species are characteristic and 
important ecological elements of the shrubs and degraded forests with post fire and/or mining threats [3]. 
Cistus species have widespread utilization in Turkish folk medicine to cure some ailments like rheumatism, 

stomachache, hemorrhoids, sterility, urinary inflammations, peptic ulcer and diabetes mellitus [4, 5]. 
Pharmacological activities including cytotoxic [6, 7], antinociceptive, hepatoprotective [8, 9] anti-microbial [10, 
11], anti-viral [12, 13], anti-inflammatory [9, 14, 15], antioxidant [16, 17], analgesic [9, 18, 19], spasmolytic [20-
22], anti-ulcerogenic, gastro protective [23-25], and antihyperglycemic [26] activities of Cistus species have 

been reported. Labdane type diterpenes [7, 27, 28], flavonoids [9, 29] flavanols and proanthocyanidins [30-32] 
were isolated from different Cistus species as active compounds.  

Many qualitative and quantitative analytical studies were coupled with the determination of phenolic, 
polyphenolic and flavonoid composition from different Cistus species [29, 33-35]. Herein an HPLC-PDA 

method was used for qualitative and quantitative analyses of seven flavonoids (Figure 1) which were 
previously isolated from aerial parts of C. salviifolius [36]; simultaneously in three different Cistus species (C. 
creticus, C. laurifolius and C. salviifolius). 

2. RESULTS AND DISCUSSION 

In the present study, the qualitative and quantitative analysis of selected flavonoids in different Cistus 
species originated from Anatolia were carried out for the first time. Since there is an attention in Cistus 
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preparations, it is understood that the rapid and effective analyze of active principles of those species plays a 
crucial role. The chromatograms of the standard flavonoids mixture and three different Cistus species were 
given in Figure 2. Both the retention times and UV spectra were used to identify the compounds. The results 
of the amounts of these flavonoids in the extracts were summarized in Table 1. The extraction and purification 
procedures (total time 100 min) tested in this work enabled rapid analysis of the flavonol pool (Fig. 1) in Cistus 

species were ready for HPLC analysis within one day’s work. The quantities of the compounds identified in 
the extracts were determined using calibration curves prepared from standard flavonoids. The results 
indicated that kaempferol stayed under the limit of detections in all tested samples and quercetin in C. 
salviifolius as well. For all that trans-tiliroside, a mono-coumaroyl kaempferol glucoside, was found to be the 
most abundant flavonoid in C. salviifolius (0.276±0.003 g/100 gextract) and C. creticus (0.253±0.001 g/100 gextract); 
while hyperin (0.149±0.004 g/100 gextract) and myricetin 3-O-β-galactopyranoside (0.139±0.006 g/100 gextract) 
were found to be the most intense flavonoids in C. laurifolius samples.  

Table 1. Quantitative determination of flavonols in Cistus samples. 

Comp. Standard curve r2 
Cistus samples* 

CS CC CL 

S1 y=12967x-26.011 0.997 0.076±0.003 0.066±0.000 0.139±0.006 

S2 y=9587.7x-0.211 0.999 0.157±0.003 0.047±0.001 0.149±0.004 

S3 y=9402.1x-29.260 0.999 0.079±0.001 0.024±0.000 0.039±0.001 

S4 y=14658x+114.74 0.996 nd. 0.027±0.000 0.012±0.001 

S5 y=166.43x-55.840 0.999 0.009±0.000 0.007±0.000 0.008±0.000 

S6 y=3844.2x-8.092 0.999 0.276±0.003 0.253±0.001 0.114±0.002 

S7 y=39479x+88.737 0.996 nd. nd. nd. 

*Values (g/100 gextract) are expressed as means ± standard error (n=3). nd. Not detected; r2: Correlation coefficient, CS: C. 
salviifolius, CC: C. creticus, CL: C. laurifolius 

 

Figure 1. Structures of compounds S1-S7. S1 (myricetin 3-O-β-galactopyranoside), S2 (hyperin), S3 

(guaijaverin), S4 (quercetin), S5 (myricetin), S6 (trans-tiliroside), S7 (kaempferol). 

According to the recently published paper by Tohge et al., flavonoid production in land plants induced 
by light stress as well as the phenyl acylation of flavonoids was found to confer enhanced phytochemical 
functions as UV-B protectants in plants [37]. Probably that’s why trans-tiliroside was found to be the most 
abundant flavonoid in two tested samples which were collected from the hillsides over 600 m altitudes.  

The analytical studies on different Cistus species i.e. C. ladanifer, C. laurifolius, C. salviifolius, C. incanus 
and C. monspeliensis are mostly conducted on different classes of flavonoids such as flavanols, catechins and 

ellagitannins etc. [29, 33-35]. In the present study, different derivatives of flavonols isolated previously from 
Cistus salviifolius were selected and standardization of the methanol extracts of three Cistus species were 

achieved for the first time using a simple and efficient HPLC-PDA method. To understand the effect of the 
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environmental conditions to the flavonol production of Cistus species, it is necessary to collect a large and 

diverse number of samples from different regions and repeat this analytical study with this fast and efficient 
method described above.  

  

  
 

 

Figure 2. HPLC-PDA analyses of standard flavonoid mixture and Cistus extracts with responses 
at 360 nm; S1(myricetin 3-O-β-galactopyranoside), S2 (hyperin), S3 (guaijaverin), S4 (quercetin), 

S5 (myricetin), S6 (trans-tiliroside), S7 (kaempferol). 

3. CONCLUSION 

As a consequence, Mediterranean shrubs like Cistus species not only serve an important ecological 
function in the equilibrating of highly-damaged ecosystems, but also may be a very valuable source of 
bioactive flavonoids with potential use in human healthcare.  

4. MATERIALS AND METHODS 

4.1. Chemicals 

Chromatographic grade distillated water, HPLC grade methanol (Merck, 106007) analytical grade o-
phosphoric acid (Merck, 100573) and HPLC grade acetonitrile (Merck, 100030) were used for HPLC analyses. 
All either chemical were supplied from either Sigma or Merck. All flavonoids are isolated from C. salviifolius 
namely myricetin 3-O-β-galactopyranoside (S1), quercetin 3-O-β-galactopyranoside (hyperin) (S2), quercetin 
3-O-α-arabinopyranoside (guaijaverin) (S3), quercetin (S4), myricetin (S5), kaempferol 3-O-β-(6''-O-trans-p-

coumaroyl)-glucopyranoside (trans-tiliroside) (S6) and kaempferol (S7). 

4.2. Plant Material 

The aerial parts of Cistus salviifolius L., C. creticus L. were harvested from Mahmutlar, Alanya province 
in April 2009. C. laurifolius L. was collected from Afyon-Eskişehir road in June 2009. All plant samples were 

identified by Dr. Z. Ceren Arıtuluk. The voucher specimens are stored in the Herbarium at the Faculty of 
Pharmacy, Hacettepe University, Ankara, Turkey (HUEF 09002, HUEF 09003 and HUEF 10085, respectively).  
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4.3. Extraction & Sample Preparation 

The air dried and powdered aerial parts of Cistus species (5 g) were extracted with 70% MeOH at 37 °C 
(10 mL × 3). Thereafter the extracts were filtered and evaporated to dryness in vacuo 37 °C [yields of C. 
salviifolius (CS): 12%, C. creticus (CC): 12%, C. laurifolius (CL): 14%]. All extracts were stored at -20 °C until 
analyses. Prior to analysis, 10 mg of each extract was dissolved in 1 mL of 70% MeOH and filtered through a 
0.45 µm membrane and used in all the HPLC analyses.  

4.4. Qualitative-Quantitative Chromatographic Analysis 

The high performance liquid chromatographic apparatus (Agilent, 1200) consisted of an in-line 
degasser, pump and controller coupled to a SPD-M10Avp photo diode array detector equipped with an 
automatic injector interfaced to Class VP chromatography manager software. Separations were performed on 
a 250 x 4.6 mm, 5 µM particle size, reverse-phase Teknokroma Sea 18 Mediterranean analytical column 
(Shimadzu-N48409) operating at room temperature (22 °C) at a flow rate of 1 mL/min. Detection was carried 
out with a sensitivity of 0.1 aufs (absorbance units full scale) between 200 and 550 nm. Elution was carried out 
using a ternary non-linear gradient of the solvent mixture o-H3PO4 (0.5% in distilled water) (solvent A) and 
CH3CN (solvent B). The 15% solvent B held for 5 minutes and increased to 20% in 5 min and held there for 12 
min, increased to 35% in 8 min and increased to 75% in 5 min and held there for 5 min and returned to the 
initial conditions in 2 min. Components were identified by comparison of their retention times to those of 
authentic standards under identical analysis conditions and UV spectra using our in-house photo diode array 
detector (PDA) library. A 10 min equilibrium time was allowed between injections. All standards and sample 
solutions were injected three times. Standard flavonoids (S1-S7) were prepared in methanol and for each 
compounds at least five different concentration levels (0.01-0.30 mg/mL) were injected for the establishment 
of calibration curves (Table 1).  
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