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Abstract 
Background and objectives: Plants belonging to the genus Tilia L. (Tiliaceae) are often tall beautiful 

trees which are considered for various medicinal potentials of their flowers and leaves. The present 

study was an attempt to investigate the phytochemical constituents of Tilia rubra subsp. caucasica 

leaves from the hyrcanian forests of north of Iran. Methods: Chromatography on Silica gel (normal 

and reversed-phase) and Sephadex LH20 was applied for isolation and purification of the compounds 

from the hydroalcoholic extract of the plant leaves. The structures of isolated compounds were 

elucidated using UV, 
1
H-NMR and 

13
C-NMR spectral analyses. Results: Four flavonoid glycosides, 

quercetin-3-O-β-D-glucoside-7-O-α-L-rhamnoside (petiolaroside), quercetin-3-O-α-L-rhamnoside 

(quercitrin), apigenin-7-O-β-D-glucoside (cosmosiin) and luteolin-7-O-β-D-glucoside (cynaroside) 

were isolated from T. rubra subsp. caucasica leaves, which have been previously documented for 

their various biological activities. Conclusion: The results of this study introduc T. rubra subsp. 

caucasica as a source of bioactive flavonoid glycosides and highlight it as an appropriate option for 

further pharmacognostical studies. 
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Introduction 
The genus Tilia L. (common names; linden and 
lime) from Tiliaceae family, consists of about 44 
species and 2 hybrids, native to the temperate 
regions of Europe, Asia, and North America 
[1,2]. 
In Flora Iranica, Iranian Tilia trees have been 
listed as Tilia platyphyllos with two subspecies, 
platyphyllos and caucasica [3]. However, a 
comprehensive study by Zare et al. (2012) on 
taxonomical parameters of the various Tilia 
populations distributed throughout hyrcanian 
forests resulted in identification of four native 
taxa, T. cordata, T. dasystyla, T. rubra subsp. 
caucasica and T. begoniifolia, two new endemic 

taxa, T. sabetii and T. stellato-pilosa, as well as 
one hybrid, Tilia × euchlora, in north of Iran 
(Guilan, Mazandaran and Golestan provinces) 
[4]. 
Medicinal potentials of Tilia spp. make them 
valuable plants in pharmacognosy researches. In 
British Herbal Pharmacopeia, linden flower (T. 
platyphyllos, T. cordata and T. × vulgaris) has 
been mentioned useful for treatment of 
hypertension caused by arteriosclerosis and 
nervous tensions [5]. German commission E has 
also approved its use for treatment of colds and 
cold-related coughs [6]. Besides, linden leaf has 
been considered as diaphoretic which has not 
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been supported by scientific evidences yet [6]. 
In Iran, Tilia trees are known as "namdâr" or 
"zirfoon" and the infusion of their flowers is used 
as sedative, diuretic, demulcent and for treatment 
of catarrh complaints [7,8]. 
Previous phytochemical investigations have 
reported several flavonoids such as kaempferol 
and quercetin, along with their various glycosides 
as main principles of the flowers and leaves of 
some Tilia spp. [9-13].  
The present study was an attempt to investigate 
the phytochemical constituents of Tilia rubra 
subsp. caucasica leaves from the hyrcanian forest 
of north of Iran.  
 
Experimental 

Plant material 

The leaves of Tilia rubra subsp. caucasica 

(Rupr.) V.Engl. (Syn. T. caucasica Rupr.) were 

collected in July 2012 from the Pareh-sar forest 

(Talesh, Guilan province, north of Iran) in 

partnership with the Natural Resources and 

Forestry Administration of Guilan, Iran. 

 

Extraction 

The shade-dried and powdered leaves (170 g) 

were macerated with 80% methanol in water (5 × 

1 L) to obtain total hydroalcoholic extract. The 

total extract was concentrated by a rotary 

evaporator at 45 °C and then defatted using 

enough volumes of petroleum ether and 

chloroform, successively. The residue was dried 

and used for phytochemical investigations. 

 

Isolation and purification of compounds 

A portion of defatted hydroalcoholic extract (5 g) 

was moved on a C18 reversed-phase (mesh 230-

400, fully end-capped, Sigma-Aldrich) column 

and eluted with a gradient mixture of MeOH- 

H2O (9:1-10:0) to obtain eight fractions (A-H). 

Fraction C (280 mg) was chromatographed on a 

RP-18 column with H2O-MeOH (8:2) to get four 

factions (C1-C4). Compound 1 (18 mg) was 

obtained followed by elution of fraction C2 (73 

mg) over a Sephadex LH20 (Fluka) column with 

H2O-MeOH (2:8) as the eluent. Reversed-phase 

column chromatography of fraction E (85 mg) 

with H2O-CH3CN (7:3) was resulted in isolation 

of compounds 2 and 3 as a mixture (4:6) (21 mg). 

Chromatography of fraction F (265 mg) on a RP-

18 column with H2O-MeOH (8:2-7:3) yielded 

five factions (F1-F5). Compound 4 (28 mg) was 

obtained from the fraction F3 (75 mg) on a RP-18 

column (H2O-CH3CN, 6.5:3.5) and its impurities 

were removed by elution over a Sephadex LH20 

column with H2O-MeOH (2:8). 

Thin layer chromatography was applied for 

monitoring all column chromatographies, and 

fractions showing similar spots under UV (254 

and 366 nm) or after spraying natural product 

reagent (diphenylboric acid aminoethyl ester, 1% 

in methanol) (Sigma-Aldrich) were combined. 
1
H-NMR and 

13
C-NMR spectra of the isolated 

compounds were obtained on a Bruker Avance 

400 DRX (400 MHz for 
1
H and 100 MHz for 

13
C) and UV spectra were recorded in methanol 

and after addition of diagnostic shift reagents on 

a Shimadzo A160 spectrophotometer [14]. 

 

Results and Discussion 

Phytochemical investigation of the leaves of T. 

rubra subsp. caucasica resulted in the isolation 

and structure elucidation of four flavonoid 

glycosides. The isolated compounds were 

identified as quercetin-3-O-β-D-glucoside-7-O-α-

L-rhamnoside (petiolaroside) (1), quercetin-3-O-

α-L-rhamnoside (quercitrin) (2), apigenin-7-O-β-

D-glucoside (cosmosiin) (3) and luteolin-7-O-β-

D-glucoside (cynaroside) (4) (figure 1). Structure 

of these compounds were elucidated by NMR 

(
1
H- and 

13
C-NMR) and UV spectral analysis, as 

well as by comparing with related data published 

in the literature [15-18]. 

In 2014, Akyuz et al. analyzed phenolic 

compounds of the various blossom, leaf and 

trunk extracts of T. rubra subsp. caucasica 

growing in turkey by HPLC-UV and HPLC-UV-

MS [19]. They reported high amounts of total 

phenolics 

(17.548 ± 0.04 mg of gallic acid per g of dried 

sample) and total flavonoids (0.066 ± 0.19 mg of 

quercetin per g of dried sample) with presence of 

some phenolic compounds such as rutin, 
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Figure 1. Structures of the isolated compounds (1-4) from T. rubra subsp. caucasica leaves 

quercetin, catechin, caffeic acid, ferulic acid, 

chlorogenic acid, p-hydroxy benzoic acid, gallic 

acid and protocathechuic acid in T. rubra subsp. 

caucasica leaf [19].Our study, however, reported 

the isolation of petiolaroside (1), quercitrin (2), 

cosmosiin (3) and cynaroside (4) from T. rubra 

subsp. caucasica leaves for the first time. 

Furthermore, this is the first report on isolation of 

flavone glycosides, 3 and 4, from Tilia genus. 

Petiolaroside (1) and quercitrin (2) have been 

previously reported from T. platyohyllos, T. 

cordata and T. americana var. mexicana [9-12]. 

Quercitrin (2) has also been detected by HPLC in 

T. rubra and T. argentea leaves [13]. 

A review of the literature revealed that the 

isolated flavonoid glycosides have been reported 

for their various biological and pharmacological 

activities [20-34]. Loscalzo et al. exhibited the 

neurosupressive effects of quercetin-3-O-

glucoside-7-O-rhamnoside (petiolaroside) (1), 

isolated from T. petiolaris inflorescences, in the 

hole board, locomotor activity and thiopental-

induced loss of righting reflex tests in mice [20]. 

Quercitrin (2) has been also reported as a 

compound with antioxidant [21], intestinal anti-

inflammatory [22], antinociceptive [23], 

antidiabetic [24], antileishmanial [25] and 

antidiarrhoeal [26] activity. Moreover, 

antidiabetic [27] and aldose reductase inhibitory 

activity [28] of cosmosiin (3), as well as 

antioxidant [29], anti-inflammatory [30], α-

glucosidase and amylase inhibitory [31], 

antiasthmatic   [32],     antimicrobial       [33] and 

anticarcinogenic [34] potentials of cynaroside (4)
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Table 1. 1H-NMR (400 MHz) and 13C-NMR (100 MHz) data of the isolated compounds (1-4) in DMSO-d6 

 
1
H chemical shifts (δ) in ppm 

13
C chemical shifts (δ) in ppm 

 1 2 3 4 1 2 3 4 

2 - - - - 156.6 148.9 164.8 165.2 

3 - - 
6.60 

s 

7.27 

s 
133.4 134.7 103.7 103.8 

4 - - - - 177.3 163.8 182.6 182.7 

5 - - - - 160.7 159.1 162.2 161.8 

6 
6.23 

br s 

6.47 

br s 

6.47 

br s 

7.02 

d (1.7 Hz) 
99.3 99.7 100.1 100.2 

7 - - - - 161.4 163.1 163.5 163.5 

8 
6.41 

br s 

6.66 

br s 

6.67 

br s 

7.36 

d (1.7 Hz) 
94.2 92.4 95.4 95.5 

9 - - - - 155.8 155.1 157.5 157.6 

10 - - - - 105.5 103.1 105.9 106.1 

1' - - - - 121.7 121.2 121.7 122.0 

2' 
7.80 

d (2.0 Hz) 

7.86 

d (2.0 Hz) 

7.92 

d (8.8 Hz) 

8.01 

br s 
116.3 114.7 129.2 114.3 

3' - - 
7.09 

d (8.8 Hz) 
- 144.8 144.7 116.6 146.5 

4' - - - - 148.5 146.6 161.6 150.7 

5' 
6.90 

dd (8.4, 2.0 Hz) 

6.99 

dd (8.4, 2.0 Hz) 

7.09 

d (8.8 Hz) 

7.51 

br d (8.4Hz) 
115.1 115.5 116.6 116.8 

6' 
7.52 

d (8.4 Hz) 

7.80 

d (8.4 Hz) 

7.92 

d (8.8 Hz) 

8.00 

d (8.4 Hz) 
121.5 119.6 129.2 119.9 

Glu-1 
5.15 

d (6.2 Hz) 
- 

4.96 

d (6.2 Hz) 

5.63 

d (6.2 Hz) 
100.5 - 100.5 100.3 

Glu-2 3.1-4.2
*
 - 3.1-4.2

*
 3.2-4.5

*
 74.1 - 73.7 73.8 

Glu-3 3.1-4.2
*
  - 3.1-4.2

*
 3.2-4.5

*
 76.5 - 77.8 77.1 

Glu-4 3.1-4.2
*
 - 3.1-4.2

*
 3.2-4.5

*
 69.9 - 70.1 70.2 

Glu-5 3.1-4.2
*
 - 3.1-4.2

*
 3.2-4.5

*
 77.6 - 77.2 77.8 

Glu-6 3.1-4.2
*
 - 3.1-4.2

*
 3.2-4.5

*
 60.9 - 61.2 61.4 

Rha-1 
4.70 

d (2.0 Hz) 

4.71 

d (2.0 Hz) 
- - 98.4 100.6 - - 

Rha-2 3.1-4.2
*
 3.1-4.2

*
 - - 69.8 68.1 - - 

Rha-3 3.1-4.2
*
 3.1-4.2

*
 - - 70.1 70.2 - - 

Rha-4 3.1-4.2
*
 3.1-4.2

*
 - - 71.6 70.5 - - 

Rha-5 3.1-4.2
*
 3.1-4.2

*
 - - 70.2 75.1 - - 

Rha-6 
0.86 

d (5.7 Hz) 

1.2 

d (6.0 Hz) 
- - 17.9 17.5 - - 

* Overlapped peaks. 

have been shown during previous in vivo and in 
vitro biological investigations. The results of this 
study on occurrences of these biologically active 
principles in T. rubra subsp. caucasica leaves 
suggest the species as a valuable medicinal plant 
for further pharmacological and toxicological 
studies. 
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