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Abstract  

Symphytum  officinalis  8% and 10%  (mass concentration) hydro-alcoholic extracts in 50 % 
ethylic alcohol and 50% methylic  alcohol were obtained. They were further purified and concentrated 
through membrane procedures (ultrafiltration). Two types of membranes were used: Millipore 
ultrafiltration membranes with 5.000 Da cut – off and composite polysulfona  PSF membranes 
(obtained in our laboratory). In all types of extracts were assessed: the content of  total polyphenols, of 
flavones, as well as the antioxidant capacity through two procedures (with ABTS and DPPH).  
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Introduction 

 
The comfrey - Symphytum  officinalis (L.) (fam. Boraginaceae) – is a plant with rapid 

growth, its leaves and roots being used in therapeutic purposes in the popular medicine, even 
since XVIth  century [1] It was used in external applications – for joint dislocation, bruises and 
tumescence, articular and rheumatic pains [2], as well as to treat the stomach ulcers and other 
diseases of the digestive tract, by consuming the teas or capsules [3,4,5].  

The comfrey contains allantoin and rosmarine acid [6], mucopolysaccharides and 
pyrrolizidine  alkaloids (PAs) with toxic  effects [7], such as lasiocarpine, lycopsamine, 
intermedine, symlandine, rideliine and several symphytines [8,9].  The toxic effects of the plant 
were described even since 1980. Thus, several months comfrey administration-on experimental 
lines-in high doses, caused neoplasic hepatic lesions. It was demonstrated that such active plant 
principles-pyrrolizidine  alkaloids (PAs), by their metabolic products are hepato-toxic, 
mutagenic and carcinogenic [10], a fact, which  restrict the internal use of the plant.   

The comfrey was used for the animal feed, starting with 1930, but further on this was 
interdicted in Australia and New Zeeland [11,12]. 

The allantoin seems to be the active comfrey ingredient, responsible of cell division 
initiation and of growth of the conjunctive tissue, bones, cartilages and of acceleration of 
wound healing [13,14]. 

The raw polysaccharides extracted  from roots of Symphytum asperum and S. 
caucasicum, and fractionated by ultrafiltration (UF), using filtering membranes of different 
cut-offs (1000kDa, 100 kDa and 10kDa), exhibit immuno-modulator and antioxidant 
activities, in function of their relative mass (Mr). Thus, the polysaccharides with Mr > 
1000kDa – about 27% of total polysaccharides – exhibit a pronounced  inhibitory and 
antioxidant activity against the raw  polysaccharides as such [15]. 
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The aim of this work was to obtain new Symphytum  officinalis  extracts concentrated 
through ultrafiltration and to characterize them by points of views of polyphenol and flavone 
contents or antioxidant capacity.  

 
Materials and methods 

 
Reagents 

 ABTS (2,2’- azinobis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt, 
potassium persulphate, Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), 
DPPH (2,2-diphenyl-1-picrylhydrazyl), Folin-Ciocalteu reagent, methanol were provided from 
Sigma-Aldrich Chemical Co. firm, while other used reagents were of highest analytical purity.  

Equipments 
 The vegetal material was grounded to a fine powder by means of GRINDOMIX 
GM200 mill. The spectrophotometric measurements were performed using a Jasco V 530 
spectrophotometer. 

Extract preparing  
 The Symphytum  officinalis roots were finely grounded using a GRINDOMIX GM200 
mill. The 8% and 10% mass concentration extracts were obtained through maceration in 50% 
ethanol  or 50% methanol under easy stirring, at room temperature,  during 7 days,  .  

Extract concentration  
 The extracts were firstly filtrated and then concentrated on UF ultrafiltration 
membranes from Millipore regenerated cellulose with 5.000Da cut–off and on composite 
polysulphona membranes – PSF. For the ultrafiltration an KMS Laboratory Cell CF-1, (Koch 
Membrane – Germany) installation was used, while the concentration ratio was of 2:1. 

Assessment of flavones content. It was carried on by the method described in 
 “Farmacopeea Romana”, X Edition, using 100 g/L sodium acetate and 25 g/L 
aluminum chloride [16]. 

Assessment of  polyphenol content. It was spectrophotometrically achieved at 760 nm 
wave length using Folin –Ciocalteu reagent [17]. The concentration of sample polyphenols 
was calculated based on an etalon curve of 10-100 µg/mL cafeic acid. 

Assessment of antioxidant activity. It was spectrophotometrically made with a Jasco 
V 530 spectrophotometer, by assessment of Trolox Equivalent Antioxidant Capacity 
(TEAC) using two methods: 

 The method based on the decrease of the maximum of DPPH absorbance at 519 
nm in the antioxidant presence [18,19]. 

Were used: 
- 90% 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2.5x10-4 M solution  prepared in 

methanol, 
- 98% 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), 2.5x10-4M 

solution in methanol. 
The radical scavenging activity was calculated based on the equation: 
 

               % inhibition = [(AB – AA)/AB] x 100 
 

where: AB  = control absorbance and AA = sample absorbance. 
 The method based on the decrease of the maximum ABTS absorbance at 731 nm 

in the antioxidant presence [20]. 
The following reagents were used: 

- Potassium persulphate K2S2O8, 2.5 x 10-3 M solution in water, 
- ABTS 2.5x10-3 M solution in potassium persulphate, 
- Trolox 2.5x10-4 M in methanol 
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The calculation of the results was made using the equation (1), the equivalent of the 
radical scavenging capacity being expressed as Trolox equivalent: 
 

                  TEACsample = 
blankTrolox

blanksample
Trolox AA

AA
fC

−

−
⋅⋅      (1) 

             where: 
- A blank    = control absorbance; 
- A sample  = sample absorbance; 
- A Trolox = absorbance for Trolox in measurement cell; 
- CTrolox= concentration of Trolox in measurement cell; 
- f = dilution factor. 

 
Statistic analysis  

 The tests regarding the antioxidant activity were repeated 3 times. A Microsoft Office 
Excel 2007 Program was used for the statistic analysis, the standard deviation was within the 
6.16 – 8.50 range – for  ABTS and DPPH inhibition % and of  2.89 - 15 for DPPH. 
   
Results and discussions 

 
Contents of flavones. In the obtained extracts, it was spectrophotometrically  assessed 

at 430 nm wave length, based on an etalon curve using rutoside, in a concentration range 
between 1-12 mg/mL (Table 1), correlation factor R=0.9962 .  

               

Table 1. Flavones’ content in Symphytum  officinalis extracts 
Flavones (mg/mL) 

 Millipore  5000 Da PSF Membrane type initial permeate concentrate permeate concentrate
8% hydro-alcoholic 

extract in 50% ethanol 
29.17 12.037 32.34 13.32 16.34 

10% hydro-alcoholic 
extract in 50% ethanol 

40.54 15.76 45.51 25.23 45.30 

8% hydro-alcoholic 
extract in 50% methanol  

22.077 11.61 19.26 14.828 21.78 

10% hydro-alcoholic 
extract in 50% methanol  

31.62 15.44 25.10 19.595 23.05 

 
 It was concluded that: 

- A higher amount of flavones was extracted in ethanol extracts than in methanol ones, an 
amount which increased as increased the ethylic alcohol concentration; 

- The extract with highest amounts of flavones was the 10% hydro-alcoholic (mass 
concentration) extract  obtained in 50% ethylic alcohol; 

- More optimum flavones concentrations were achieved with 5000 Da Millipore than PSF 
membranes. 

 
 Extract contents in total  polyphenols. It was spectrophotometrically  determined at 

λ=760 nm, with Folin –Ciocalteu  reagent  [17] . The concentration of polyphenols in samples 
was calculated using an etalon  curve for cafeic acid within a concentration range of  10-100 
µg/mL, correlation factor R = 0.9918.  The experimental results  are presented  in Table 2. 
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Table 2. Total polyphenol contents in hydro-alcoholic Symphytum  officinalis extracts.  
Polyphenols  

(µg/ mL)    
 Millipore  5000 Da PSF Membrane type initial permeate concentrate permeate concentrate 

8% hydro-alcoholic 
extract in 50% ethanol  

310.89 195.61 308.31 166.51 346.74 

10% hydro-alcoholic 
extract in 50% ethanol 

369.43 317.41 
 

332.58 276.74 369.43 
 

8% hydro-alcoholic 
extract in 50% methanol 

275.28 262.80 271.46 168.76 292.022 

10% hydro-alcoholic 
extract in 50% methanol  

280.449 281.19 287.47 216.06 306.96 

 
It was concluded that: 

- The ethanol extracts had  higher polyphenol amounts than the methanol ones – similar to 
flavones; 

- The richest extract in polyphenols was that of 10% plant mass in 50% ethanol, as in the flavones 
case; 

- In case of polyphenols, a better concentration was realized on PSF membrane. 
The results regarding the antioxidant activity of Symphytum  officinalis extracts by the two 
spectrophotometric methods (with DPPH or ABTS) are shown Table 3., Figures 1 and 2.  

 

Table 3. The antioxidant activity of the analyzed extracts:  

Crt. 
No. Sample 

TEACDPPH  
(µmol Trolox/g) 

TEACABTS 
(µmol Trolox/g) 

DPPPH 
inhibition 

(%) 
1 Ascorbic acid  21.97 419.17 44.73 
2 8% extract in 50% EtOH  - initial 32.73 677.23 62.45 
3 8% extract in 50% EtOH  - perm_UF1 64.00 384.22 83.76 
4 8% extract in 50% EtOH  - conc_UF1 157.54 522.11 84.80 
5 8% extract in 50% EtOH  - perm_UF2 206.00 488.90 86.15 
6 8% extract in 50% EtOH  - conc_UF2 306.80 755,70 87.68 
7 10% extract  in 50% EtOH  - initial 214.66 971.87 85.99 
8 10% extract  in 50% EtOH  - perm_UF1 231.06 574.87 85.33 
9 10% extract  in 50% EtOH  - conc_UF1 328.60 905.99 91.90 

10 10% extract in 50% EtOH - perm_UF2 275.63 641.93 87.60 
11 10% extract in 50% EtOH - conc_UF2 374.67 1152.01 95.00 
12 Extract 8% in 50% MeOH  - initial 115.55 654.10 81.08 
13 Extract 8% in 50% MeOH  - perm_UF1 130.81 329.27 82.58 
14 Extract 8% in 50% MeOH  - conc_UF1 150.83 606.29 84.90 
15 Extract 8% in 50% MeOH  - perm_UF2 104.81 416.25 79.77 
16 Extract 8% in 50% MeOH  - conc_UF2 209.21 839.20 85.20 
17 10% extract in 50% MeOH  - initial 218.77 825.83 85.61 
18 10% extract in 50% MeOH  - perm_UF1 167.79 396.44 84.59 
19 10% extract in 50% MeOH  - conc_UF1 210.27 668.63 81.38 
20 10% extract in 50% MeOH  - perm_UF2 136.78 494.88 81.00 
21 10% extract in 50% MeOH  - conc_UF2 207.81 874.81 84.39 

Where: 
- UF1- membrane from regenerated cellulose, with 5.000 Da cut-off (Millipore); 
- UF2 – membrane of polysulphona; 
- Perm- permeate; 

              - Conc – concentrate. 
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Figure 1. Antiradicalic activity_ABTS 

 
Figure 2. Antiradicalic activity_DPPH 
 
It was concluded that: 

- By both tested methods, the highest radical scavenging activity and the highest DPPH 
inhibition percent had the 10% mass concentration ethanol extracts in 50% ethylic 
alcohol, the extracts concentrated by polysulphona membranes (UF2) manifesting a 
higher radical scavenging activity against the permeates, as well as against extracts 
concentrated by Millipore membranes of regenerated cellulose; 

- A correlation between the amount of tested biologic active principles – flavones and 
polyphenols –and the radical scavenging activity of the analyzed extracts exists, the 
same ethanol extracts of 10% mass concentration and 50% ethylic alcohol also having 
the highest amount of such substances. 
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 The level of inhibition of the DPPH• radicals was also determined, the obtained results 
being shown in Figure 3. 

 
Figure 3.  DPPH inhibition % 

  The obtained inhibition values of DPPH varied from 62.45% for the initial extract 8% 
EtOH of Symphytum officinalis, till 95% for 10% EtOH extract UF2 concentrated. The 
ethanol extracts presented little higher inhibition of DPPH than the methanol ones.  Both 
types of ethanol extracts concentrated by ultrafiltration had a strong radical scavenging 
activity, the DPPH inhibition being above 90% in both cases. 
 
Conclusions 

 
In this work new extracts of Symphytum officinalis were obtained and characterized 

from radical scavenging activity and total polyphenols and flavones contents points of views. 
8% and 10%  (mass concentration) Symphytum  officinalis  hydro-alcoholic extracts in 

50% ethylic alcohol and 50% methylic alcohol were obtained, which further were purified 
and concentrated through membranare procedures (ultrafiltration) on 2 types of membranes: 
Millipore ultrafiltration membranes with 5.000 Da cut – off  and composite polysulphona  
PSF membranes. 

The 10% mass concentration extract in 50% EtOH presented the highest amount of 
polyphenols and flavones and the highest radical scavenging activity – by both used methods 
– as well as the highest level of DPPH inhibition – 95% (UF2 concentration). 

The results obtained by the determination of radical scavenging capacity of extracts by 
the two mentioned methods (ABTS and DPPH) correlated and confirmed the existence of a 
relation between the polyphenol and flavone contents and the radical scavenging activity. 

It was concluded that by use of the membranare processes to concentrate the biologic 
active principles (polyphenols and flavones) Symphytum  officinalis concentrated extracts 
were obtained with  very high radical scavenging activity - above 90% DPPH inhibition. 
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