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Although the antiinflammatory principles of Sideritis plants have been well studied 
(Tomas-Barberan et al. 1987), as have the antimicrobial effects of its diterpenoids (Diaz et 
al. 1988) and essential oils (Villar et al. 1986), little has so far been done on their possible 
antioxidant activity. The antioxidant and superoxide scavenging activities of several 
flavonoids and polymethoxyflavones, some isolated from Spanish Sideritis species, using 
FeSO4/cysteine-induced microsomal lipid peroxidation and the nitroblue tetrazolium test, 
have been reported (Mora et al. 1990; Rios et al. 1992). 

The Sideritis species grown in Bulgaria have not been studied in detail. Among the 
compounds so far detected are the diterpenoid siderol and ursolic/oleanolic acids (Sattar et 
al. 1995a) and flavonoids (Sattar et al. 1993; Sattar et al. 1995b). The antibacterial and 
antiviral properties of some Bulgarian Sideritis species have been reported (Sattar et al. 
1995a). The presence of flavonoids and phenylpropanoid glycosides in Sideritis plants, as 
well as their established antiinflammatory properties, suggest a possible antioxidant activity 
of Sideritis extracts. 

Antioxidants affect the process of lipid oxidation at different stages due to differences 
in their mode of action (Larson 1997). Because of the complexity of the oxidation process 
itself, the diversity of the substrates and the active species involved, the application of 
different test methods is necessary in the evaluation of antioxidants (Frankel & Meyer 
2000; Koleva et al. 2002). 

The present study is aimed at the evaluation of the antioxidant activity of different 
extracts from several Sideritis species and populations, grown in Bulgaria, by using three 
testing methods: the �-carotene bleaching test (BCBT), 2,2’-diphenyl-1-picrylhydrazyl 
(DPPH•) radical scavenging method and static headspace gas chromatography (HS-GC). As 
the extracts studied have been produced by three extraction routes, the results obtained will 
show the most suitable route with regard to the preparation of extracts rich in antioxidative 
active components, as well as the most promising Sideritis species/population(s). 
Additionally, this initial screening will reveal at which stage of lipid oxidation a particular 
extract would be most effective as an antioxidant with respect to its possible practical 
implementation in real food systems. 

3.2 Experimental 

3.2.1 Chemicals
Reagents and compounds were purchased from: Sigma-Aldrich Chemie GmbH, Steinheim, 
Germany [Tween40, trans-�-carotene, 7 (synthetic, 95%) and 2,2-diphenyl-1-
picrylhydrazyl, 34 (DPPH•, 95%)]; Janssen Chimica, Beerse, Belgium [linoleic acid 
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3.2.4 Methods for determination of antioxidant activity
The antioxidant activity of Sideritis extracts, BHT (1, Fig. 3.2) and rosmarinic acid (11, 
Fig. 3.2) was determined using the methods described by Koleva et al. (2002). Below, a 
brief explanation of the experimental protocols is given.  

C(CH3)3

OH
(H3C)3C

CH3

2,6-di-tert-butyl-p-hydroxytoluene 
(BHT) (1)

O

O

OH

OH

OH
HO

HOOC

Rosmarinic acid (11)

O

H

HR1

HO

O-Glucose

ajugol R1 = OH (22) 
ajugoside R1 = OAc (23)

O

HOH2C
H

HO O-Glucose

O-Glucose

melittoside (26)

O

OHO

HO

O

OH

OHO

OH3C
HO

HO OH

O OH

OH

verbascoside (acteoside) (29)

N
N

O2N NO2

NO2

.

O
HO

OH
OH

OAc

O
HO

HO O

OR

O
OH

OH O

OH
OCH3

O

R = H: 
hypolaetin-4'-methylether-7-O-[6'''-O-acetyl-�-D-allopyranosyl-(1'''-2'')-�-D-glucopyranoside] (31) 
R = Acetyl:
hypolaetin-4'-methylether-7-O-[6'''-O-acetyl-�-D-allopyranosyl-(1'''-2'')-�-D-6''-O-acetyl-�-D- glucopyranoside]
(32)

2,2-diphenyl-1-picrylhydrazyl (DPPH) (34)

Figure 3.2 Structures of the compounds mentioned in the text (see Ch. 1 for the numbering 
of the compounds). 

Determination of antioxidant activity using �-carotene bleaching test (BCBT)
Trans-�-carotene � linoleic acid emulsion (250 µL) was distributed in each of the wells of 
96-well microtitre plates and ethanol solutions (30 µL) of the antioxidants (0.1% of extracts 
and 0.01% each for BHT and rosmarinic acid) to be tested were added. Four replicates were 
prepared for each of the samples. The microtitre plates were incubated at 55 ºC. The 
absorbance was measured in an EAR 400 Microtiter Reader (SLT Instruments, Austria) at 
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Antioxidative Components of Sideritis syriaca and 

Sideritis scardica Grown in Bulgaria 

6.1 Introduction 

Natural antioxidants of plant origin have attracted lot of attention in recent years. This is 
due to the suspected toxic effects of synthetic antioxidants and the evidence that the intake 
of natural compounds can contribute to a healthier life (Madhavi & Salunkhe 1995; Barlow 
1990; Evans & Reynhout 1992; Nieto et al. 1993; Schuller 1990; Madsen & Bertelsen 
1995). Many plant species have been investigated in the search for active antioxidative 
components among them spices, teas, seeds and wine (Madsen & Bertelsen 1995; Schuller 
1990; Altarejos et al. 2005; Cao et al. 1996; Pellegrini et al. 2000). The chemical nature of 
the isolated compounds greatly varies but substances of phenolic nature such as flavonoids, 
phenolic acids, isoflavones, phenylpropanoids, anthocyanidins, chalcones and catechins are 
most often responsible for the antioxidant activity (see Introduction, 1.2.2 – Figs. 1.13 & 
1.14).  

Plants from the genus Sideritis (Labiatae) are well known in Bulgarian and other folk 
medicines for treating various infections and inflammations (see Introduction, 1.4.3). 
Different pharmacological activities have been established, mainly antiinflammatory and 
antimicrobial (see Introduction, 1.4.3 - Table 1.4 & 1.5). Diterpenoids, essential oils and 
flavonoids have been found to be the main types of chemical constituents. From some 
species a coumarin (siderin), a lignan ((+)-sesamin) and a few phenylpropanoid glycosides 
have been isolated. Some minor constituents such as triterpenoids, iridoids, sterols, 
phenolic acids and fatty acids, occur in some plants of the genus (see Introduction, 1.4.2 - 
Table 1.3). 

Four Sideritis species are distributed in Bulgaria – S. scardica, S. syriaca, S. montana 
and S. lanata (see Introduction, 1.4.1 - Fig. 1.16). Their chemical composition has not been 
studied in detail. Among the compounds so far detected are the diterpenoid siderol and 
ursolic/oleanolic acids, essential oil, iridoids, flavonoids and the phenylpropanoid glycoside 
verbascoside (acteoside) (see Introduction, 1.4.2 - Table 1.3). The antioxidant activity 
screening of a number of extracts from S. syriaca, S. scardica and S. montana, which differ 
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6.2.2 Plant material and extraction 
Above-ground parts of S. syriaca or S. scardica were collected at flowering stage at the 
experimental field of the Botanical Garden of the Institute of Botany, Bulgarian Academy 
of Sciences, Lozen, Bulgaria. Cultivars from S. syriaca 16 (Co 1124) and S. scardica 14
(SOM 3154v) (see also Chs. 2 and 3) were dried at room temperature under forced 
ventilation in closed premises and ground before use. Voucher specimens were determined 
by Dr. L. Evstatieva and deposited in the herbarium of the Institute of Botany, Bulgarian 
Academy of Sciences, Sofia.  

The finely ground, dried plant material (aerial parts) of S. syriaca (0.57 kg) was 
macerated with MeOH (2 � 12 L, each extraction 48 hrs, room temperature, under N2

bubbling, shaking) = methanolic extract (ME). After filtration, the extracts were combined 
and evaporated in vacuo at 50 �C till dryness. The yield was 93.3 g. The plant material, 
after the extraction with MeOH, was macerated with hot water (5.5 L, 90 ºC) under N2

bubbling for 15 min and then freeze-dried = hot water extract (hWE, yield 27.5 g). The 
methanolic extract (93.3 g) was dispersed in warm water (0.3 L, 50 ºC). The obtained 
aqueous dispersion was successively extracted with t-butyl methyl ether (t-BuOMe) (6 �
0.25 L) = BuOMe (16 g), EtOAc (14 � 0.3 L) = EAE (12.2 g) and 1-BuOH (10 � 0.3 L) = 
BE (34 g). The solvents of the obtained sub-extracts were evaporated in vacuo to dryness. 
The remaining water layer was freeze-dried = WE-1 (22.7 g). Fractions were monitored and 
screened for the presence of radical scavenging compounds by qualitative TLC under UV 
light (254 nm) and spraying with a 1 mM methanolic solution of DPPH•. Active 
components give yellow spots on a purple background. The ME, EAE and BE sub-extracts 
were the most active. BE was partitioned between warm water and EtOAc:BuOH = 1:4. As 
result, a Bu/EA solution (~31 g) (see Fig. 6.1) and a water-soluble fraction = WE-2 (~2.5 g) 
were obtained. The Bu/EA solution was subjected to VLC on Si gel (SiO2) as stationary 
phase and EtOAc–MeOH mixtures (0 to 100% MeOH) as eluents. Fifty five fractions of ca. 
0.4 L were collected. Fraction 8 (218 mg) (EtOAc-MeOH = 80:20) was rechromatographed 
by column chromatography (CC) on Sephadex LH-20 (Seph-1) with 40 � 60% MeOH to 
give 1 (100 mg). The most active TLC-DPPH-screened fractions 13-15 (6.30 g) were 
pooled and 5 g were rechromatographed by CC on Si gel (SiO2-1) using CHCl3:MeOH:H2O
= 60:22:4 � 6:4:1. 249 fractions were collected among them frs. 15-20 (2, 170 mg); frs. 
21-32; frs. 33-48 (3, 1110 mg); frs. 49-63; frs. 64-69; frs. 84-145; frs. 176-195 and frs. 196-
247. Frs. 1-14 and 248-249 were discarded as they did not contain any compounds. Frs. 21-
32 were rechromatographed by CC on Si gel (SiO2-2a) to give 2, 3, and a mixture. The 
latter was rechromatographed by CC on Sephadex LH-20 (Seph-3) with 50 � 100% 
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� Analytical HPLC-II: Lichrosorb C18, 5 µm, 250 x 4.6 mm with a guard column 
and filter; solvent system, flow rate and injection volume were the same as for HPLC-
I; UV detection with a fixed wavelength of 280 nm. 
� LC-NMR: Alltima C18, 5 µm, 150 x 4.6 mm; flow rate 0.8 mL/min; A: H2O, B:
MeCN, C: D2O; from 0 to 5 min linear gradient from 95% A + 5% B to 80% A + 20% 
B; from 5 min to 10 min 80% A + 20% B isocratic; from 10 to 11 min linear gradient 
from 80% A + 20% B to 80% C + 20% B; from 11 to 30 min linear gradient from 80% 
C + 20% B to 65% C + 35% B; from 30 to 35 min linear gradient from 65% C + 35% 
B to 100% B; from 35 min to 42 min 100% B isocratic; from 42 to 47 min linear 
gradient from 100% B to 95% A + 5% B; from 47 min to 55 min 95% A + 5% B
isocratic for re-equilibration of the column before the next injection; oven temperature 
20 ºC, injection volume 60 µL, Bruker LC22 pump, Bruker DAD.
� HPLC-DPPH: The column was the same as for analytical HPLC-I. Flow rate 0.8 
mL/min; A: 5% MeCN in water, B: MeCN; Linear gradient from 100 to 80% A for 5 
min; 5 min 80% A, isocratic; 20 min linear gradient from 80 to 65% A; 10 min 
isocratic at 65% A; 10 min linear gradient from 65 to 0% A; 5 min 0% A, isocratic; 5 
min linear gradient from 0 to 100% A and 10 min isocratic at 100% A for re-
equilibration of the column before the next injection (Gradient 9). Flow 2.10�5 M 
DPPH�, 0.8 mL/min; detection at 330 nm (UV) and 515 nm (DPPH�). 

6.2.5 Radical scavenging activity (RSA) assays
The RSA towards DPPH� of the isolated substances and reference compounds – rutin, 
rosmarinic acid, caffeic acid and chlorogenic acid, was determined. The experimental 
protocol used was as follows: 

Off-line DPPH 
One mL 10-4 M methanolic solution of DPPH• and 200 L of putative antioxidant (1 
mg/mL; mass ratio AO:DPPH� = 5:1), 200 L of reference (0.5 mg/mL; mass ratio 
AO:DPPH� = 2.5:1) or 10 µL of fractions (1 mg/mL) + 190 µL MeOH, were shaken and 
allowed to stand for 10 min in the dark at room temperature and the decrease of absorbance 
at � = 515 nm was measured against methanol using a Specol 11 spectrophotometer (Carl 
Zeiss Jena, Germany). The initial absorbance at 515 nm was 0.870 ± 0.030. The absorbance 
of a blank sample containing the same amount of MeOH and DPPH� solution was prepared 
and measured daily. DPPH� solution was freshly prepared prior to each experiment and 
kept in the dark at 4 �C between the measurements. All determinations were performed in 
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Verbascoside (syn. acteoside, kusaginin) (1) (C29H36O15, MW 624): Light-brown 
amorphous powder; UV �max

MeOH (nm): 326, 287s, 246s; IR �max
c.l.(cm�1): 3349 (OH), 2937 

(C-H), 1699 (conj. ester), 1631 (C=C), 1604, 1525 (aromatic ring); Rt* (see p. 156 for 
explanation) = 21.5 min; m/z (rel. int. % ) FAB-MS: 115 (100), 133 (73), 137 (45), 163 
(82), 186 (51), 207 (68), 302 (19), 325 (95), 471 (22), 625 (29), 647 [M+Na]+ (15); ESI-MS
(�): 623 [M�H]� (100). For NMR see Tables 6.3 & 6.4. It was compared to literature data 
(Miyase et al. 1982; Ezer et al. 1992; Gao et al. 1999; de Santos-Galindez et al. 2000).
Hypolaetin-4'-methylether-7-O-[6'''-O-acetyl-�-D-allopyranosyl-(1-2)-6''-O-acetyl-�-D 
-glucopyranoside (2) (C32H36O19, MW 724): Yellow amorphous powder; UV �max

MeOH 

(nm): 339, 297s, 276, 254; IR �max
KBr (cm�1): 3410 (OH), 2920 (C-H), 1739, 1661 (C=C), 

1615 (-O-, aromatic ring), 1587 (aromatic ring), 839 (trisubstituted aromatic ring); Rt = 36.5 
min; m/z (rel. int. %) FAB-MS: 301 (8), 315 (5), 316 (38), 317 (100), 725 [M�H]� (75); 
ESI-MS (�): 723 [M+H]+ (100). For NMR see Tables 6.1 & 6.2. It was compared with 
authentic 2 and also to literature data (Lenherr & Mabry 1987; Sattar et al. 1993). 
Hypolaetin-4'-methylether-7-O-[6'''-O-acetyl-�-D-allopyranosyl-(1-2)-�-D-glucopyra-
noside (3) (C30H34O18, MW 682): Yellow amorphous powder; UV �max

MeOH (nm): 341, 
297s, 275, 254; IR �max

KBr (cm�1): 3417 (OH), 2922 (C-H), 1744, 1662 (C=C), 1618 (-O-, 
aromatic ring), 1589 (aromatic ring), 1272 (OMe), 839 (trisubstituted aromatic ring); Rt = 
28 min; m/z (rel. int. %) FAB-MS: 282 (8), 316 (27), 317 (56), 318 (13), 338 (6), 683 
[M�H]� (100); ESI-MS (�): 315 (10), 681 [M+H]+ (100). For NMR see Tables 6.1 & 6.2. It 
was compared to authentic 3 and also to literature data (Sattar et al. 1993; Venturella et al. 
1995; Marin et al. 2004; Albach et al. 2005).
Isoscutellarein-4'-methylether-7-O-[6'''-O-acetyl-�-D-allopyranosyl-(1-2)-�-D-gluco- 
pyranoside (4) (C30H34O17, MW 666): Deep-brown jelly-like solid; UV �max

MeOH (nm):
321s, 303, 276; IR �max

c.l.(cm�1): 3367 (OH), 2917 (C-H), 1733, 1654 (C=C), 1607 (-O-, 
aromatic ring), 1219 (OMe), 833 (p-disubstituted aromatic ring); Rt = 35.7 min; m/z (rel. 
int. % ) FAB-MS: 43 (9), 115 (8), 285 (10), 300 (43), 301 (100), 302 (19), 316 (8), 317 (16), 
667 [M+H] + (56); ESI-MS (�): 299 (16), 665 [M�H]� (100). For NMR see Tables 6.1 & 
6.2. It was compared to literature data (Ezer et al. 1992; Albach et al. 2003; Marin et al. 
2004; Meremeti et al. 2004; Saracoglu et al. 2004; Gabrieli et al. 2005). 
Luteolin-4'-methylether-7-O-[6'''-O-acetyl-�-D-allopyranosyl-(1-2)-�-D-glucopyra-
noside (5) (C30H34O17, MW 666): Off-white amorphous powder; UV �max

MeOH (nm): 344, 
265s, 252; IR �max

c.l.(cm�1): 3339 (OH), 2918 (C-H), 1729, 1658 (C=C), 1609 (-O-, aromatic 
ring), 1260 (OMe), 823 (trisubstituted aromatic ring); Rt = 27.5 min; m/z (rel. int. % ) FAB-
MS: 85 (15), 115 (100), 171 (16), 207 (91), 263 (15), 299 (14), 300 (28), 301(72), 302 (15), 
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glycosides are presented in Tables 6.3 and 6.4. Relevant parts of the HMBC spectrum of 
flavonoids 5, 6 and iridoid glycoside 8 are presented in Figure 6.6 (a-c), respectively.  

For S. syriaca it was decided to follow the fractionation scheme “MeOH” depicted in 
Figure 3.1. It worked fine and it led to some poorly active and very active radical 
scavenging fractions (sub-extracts) (Table 3.4). Most of the activity was concentrated in the 
ethyl acetate (EAE), butanol (BE) and hot water fractions (hWE) with % DPPH reduction 
values of around 90%. Preliminary research described in Chapter 3 has already shown that 
there is considerable overlap in the constituents present in the EAE, BE and hWE. Of these 
3 active fractions the BE was the largest one (34 g) and therefore initially I focused my 
attention on the BE fraction. As this fraction still contained some troublesome polar 
constituents (sugars) that interfered with chromatography, one more partitioning step was 
carried out to remove the interfering “polars”. On a weight basis more than 90% of the 
constituents remained in the organic layer. This fraction was separated by vacuum liquid 
chromatography (VLC) on silica gel and fractions were  

O
HO

OH
OH

OR''

O
HO

HO

O

O

OR'

O
R4

OH O

R1

R2

R3

R3

      R1       R2            R3                            R4              

2   OH      OCH3      sugars (see R3)        OH
3   OH      OCH3      sugars (see R3)        OH
4     H       OCH3      sugars (see R3)        OH
5   OH      OCH3      sugars (see R3)           H
6   OH      OCH3      sugars (see R3)        OH
7     H       OH          sugars (see R3)        OH
9   OH      OH          sugars (see R3)        OH

         R'              R''

2       Ac             Ac   
hypolaetin-4'-methylether-7-O-[6'''-O-acetyl-�-D-allopyranosyl-(1-2)-6''-O-acetyl-�-D-
glucopyranoside]
3        H            Ac
hypolaetin-4'-methylether-7-O-[6'''-O-acetyl-�-D-allopyranosyl-(1-2)-�-D-
glucopyranoside]
4        H             Ac
isoscutellarein-4'-methylether-7-O-[6'''-O-acetyl-�-D-allopyranosyl-(1-2)-�-D-
glucopyranoside]
5        H             Ac
luteolin-4'-methylether-7-O-[6'''-O-acetyl-�-D-allopyranosyl-(1-2)-�-D-
glucopyranoside] 
6        Ac            H
hypolaetin-4'-methylether-7-O-[�-D-allopyranosyl-(1-2)-6''-O-acetyl-�-D-
glucopyranoside]
7        H             Ac
isoscutellarein-7-O-[6'''-O-acetyl-�-D-allopyranosyl-(1-2)-�-D-glucopyranoside]
9        H             Ac
hypolaetin-7-O-[6'''-O-acetyl-�-D-allopyranosyl-(1-2)-�-D-glucopyranoside]

8

7

5

Figure 6.3 Structures of the isolated flavonoids. 
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(capacity). All known powerful natural radical scavengers are also good antioxidants. The 
study showed moderate to low or even no radical scavenging activity based on the off-line 
DPPH method. In contrast, the respective antioxidants showed strong to moderate radical 
scavenging activity in the on-line DPPH method. This suggested alteration or degradation 
of fractions or active antioxidative compounds during isolation procedures. In my opinion, 
although extraction and fractionation was carried out under mild conditions (maceration, 
shaking, bubbling with N2, heating not above 50 ºC), even milder conditions would be 
necessary to preserve the original activity of the parent extract or fractions. Another 
plausible explanation might be concentration effects i.e. a too low concentration in the 
assays. Three novel compounds were isolated: the flavonoid glycosides luteolin-4'-
methylether-7-O-[6'''-O-acetyl-�-D-allopyranosyl-(1-2)-�-D-glucopyranoside] 5 and
hypolaetin-4'-methylether-7-O-[�-D-allopyranosyl-(1-2)-6''-O-acetyl-�-D-glucopyranoside] 
6 and the iridoid glycoside 3''-O-p-coumaroyl-6''-O-acetyl melittoside 8 from both Sideritis
species. Their structures were confirmed by spectroscopic methods. Studies on compounds 
of phenylpropanoid nature with an extra sugar are still on-going. The radical scavenging 
activity of the new compounds was rather low (e.g. 8) or even negligible (e.g. 5, 6) in the 
off-line DPPH method. The low activity of the first compound was explicable given the fact 
that there are no ortho or para groups. For flavonoid (6) there are discrepancies between 
off- and on-line DPPH methods. After the elucidation of the still unknown verbascoside 
derivatives, structure-activity studies might be performed to determine the influence of 
glycosylation and the effect of the various substituents present in the A- and B-rings.  

Concerning the third aim for a “final check”, the HS-GC method was applied to 
investigate how Sideritis extracts and pure components would behave in real systems: bulk 
oils and emulsions. Conjugated dienes and hexanal formation were monitored. Results for a 
range of pure compounds and extracts using rosmarinic acid and BHT as standards, showed 
that Sideritis extracts could serve as antioxidants. As for the pure compounds (the most 
active flavonoid glycosides and verbascoside in the off-line DPPH method), they all 
showed better inhibitory effects with regard to dienes and hexanal formation in both test 
systems than the extracts. However, the costs of the isolation and purification procedures 
are too high even when they are applied at the 0.01 to 0.03% level that is normal in foods 
and cosmetics. Also the costs of the toxicity studies of pure compounds would be 
prohibitive. Thus the use of extracts appears more feasible. The extracts should not have 
any odour, taste or colour, be compatible with food/cosmetic products and be safe. In future 
there should be teamwork of nutritionists, chemists and economists to evaluate the 
application of extracts in food/cosmetic products.  





 








       
              

           



          

           
           
        

              
         
           




    

   
             

            
              
              
           
            
           










          



   
              


            
            


  
           


      
                




     


            

           

       

               
     







 

             


          

            
         





     
             



             
        

           

   
  
      
  

            

    
    
          
  
      

      

   








     
    




       
            
          
           


         
        
            
         

          









 








               

         
          

          
         

        
   

 

      
        

          

            

   
     
       

            
           



             









              


          


              
   
   
         


   

       


            
    
            
             


             
         
           
           
         

             
     
         
        


          





 

        
          


            








              
           

          



  
 

   
   

        
           
         
         


        
  
   
   









          

   

     
           

 

          
          
          
         
             


    


       
         








 






            
       

        

        
        


        
      
         
      
        
           
         
      


          
           
       


           

    
          
          











          


           
           


           



          

           
        
        
        



           
           
          
         
         
             
           
        

           
             
              
        
        
           
       
          






 


          


          
        
           
          
        

         
         





        




           
          
         
               
       



          

          
            
         
          

  













 
     
         
     


   
    
      
   
   
    
      


        



           
      


        
           
        

            








 








     






































       














           











































 










            



          


           

          


           



 



 
         


          
        



 
         


 








 


 
           



         








 


 
       


          




           
            



           
         

             


     
          
         


 

         


 
   



           

   


 
       


           
     


 
           


    
           











 







          

   



             
            






     
       



          
            


            



 



    
          











    





          


            

           

     
              


          
           
         
         

            

         




         

      




    





 

         



           


             
           
 




           

            

          


            
          
          




            
       
         
            
         


              










          
            

           
            
           



          


























          
             
            
             
        

            

              

               
            


            
            
       


 


            
































































































































































