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ABSTRACT. The main chemical constituent of high-molecular water-soluble preparations from
Symphytum asperum, S. caucasicum, S.officinale and Anchusa italica was found to be a caffeic acid-
derived polyether, namely poly[3-(3,4-dihydroxyphenyl)glyceric acid] (PDPGA). In contrast toSymphytum
polymer, most of the carboxylic groups of polymer from A. italica are methylated. PDPGA of different
species of Symphytum revealed pronounced anticomplementary, antioxidant, anti-inflammatory and wound
healing activities. Comparative study of antioxidant activity of PDPGA from A. italica with its synthetic
monomer racemic 3-(3,4-dihydroxyphenyl)glyceric acid and trans-caffeic acid against the relatively stable
2,2-diphenyl-1-picrylhydrazyl (DPPH·) free radical was investigated. IC50 value of  PDPGA–AI is 51.5
µg/ml. © 2017 Bull. Georg. Natl. Acad. Sci.
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Caffeic acid and its analogues are potential anti-

oxidants with multiple mechanisms involving free radi-

cal scavenging, metal ion chelation, and inhibitory

actions on specific enzymes that induce free radical

and lipid hydroperoxide formation. The structural fea-

ture responsible for the antioxidative and free radical

scavenging activity of caffeic acid and its analogues

is the ortho dihydroxyl functionality in the catechol

ring. The presence of the electron-donating hydroxyl

group at the ortho-position also lowers the O-H bond

dissociation enthalpy and increases the rate of H-

atom transfer to peroxyl radicals [1].

In previous papers we have reported about the iso-

lation and identification of caffeic acid-derived polymer

poly[3-(3,4-dihydroxyphenyl)glyceric acid] (PDPGA)

(Fig. 1) from Symphytum asperum – PDPGA–SA, S.

caucasicum – PDPGA–SC [2-5], S. officinale  – PDPGA–
SO [6] and Anchusa italica – PDPGA–AI [7].

This polymer is a representative of a class of natu-

ral polyethers with a residue of 3-(3,4-

dihydroxyphenyl)glyceric acid as the repeating unit.

Besides, the monomer of PDPGA racemic 3-(3,4-

dihydroxyphenyl)glyceric acid  (RDPGA) was syn-

thesized [8] (Fig. 2).
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It is necessary to emphasize that in contrast with

the Symphytum polymers, most of the carboxylic

groups (~ 70%) of caffeic acid-derived polymer from

A. italica are methylated [7].

PDPGA–SA, PDPGA–SC and PDPGA–SO pos-
sessed anticomplementary, antioxidant and

antiinflammatory activities [6,9,10]. These prepara-

tions as well as PDPGA–AI are in fact polycatecholic
acids, and due to the presence of ortho-dihydroxyl

(catechol) groups, could act as donor of hydrogen

radicals or electrons what is crucial for enhanced

antioxidant efficacy.

The aim of current study was to investigate anti-

oxidant activity of PDPGA–AI (Fig. 1) by 2,2-
diphenyl-1-picrylhydrazyl (DPPH·)-method in com-

parison with RDPGA (Fig. 2) and trans-caffeic acid

(Fig. 3).

Experimental

Commercially available reagents trans-caffeic acid,

2,2-diphenyl-1-picrylhydrazyl (DPPH·) were pur-

chased from Aldrich-Sigma Chemical Co. (Sigma-

Aldrich, Schnelldorf, Germany). Racemic 3-(3,4-

dihydroxyphenyl)glyceric acid (RDPGA) was syn-

thesized as described in [8]. Poly[3-(3,4-

dihydroxyphenyl)glyceric acid] (PDPGA) from A.

italica roots was isolated in accordance with [7].

Absorption spectra were run on a Jasco V-560

spectrophotometer (Jasco Co, Tokyo, Japan).

For the determination of radical scavenging ac-

tivity, DPPH· was used as a stable radical and antioxi-

dant activity of compounds was determined spectro-

photometrically (DPPH·-method).

The ability of PDPGA–AI, RDPGA and trans-caf-

feic acid to scavenge free radicals or neutral reactive

oxygen species was tested against the relatively sta-

ble DPPH·-radical. Briefly, the absorption of a

methanolic solution of 2.0 ml DPPH· (500 M) and

2.0 ml methanol was measured at 515 nm (blank) and

compared with the absorbance of samples contain-

ing 2.0 ml DPPH· and 2.0 ml methanolic solutions of

sample compounds in concentrations ranging from

0.1 - 250 g/ml. The absorbance of the samples was

measured after the reaction reached a plateau (about

30 min).  All measurements were done at room tem-

perature (23°C) and repeated four times.  The radical

scavenging activity of the samples was expressed in

terms of IC
50

 (concentration in g/ml required for a

50% decrease in absorbance of DPPH·-radical) and

calculated using the equation [(A
blank

 - A
sample

) / A
blank

)]

x 100), where A
blank

 is the absorbance of the control

(DPPH· solution without sample) and A
sample

 the ab-

sorbance of the test compound (DPPH· solution plus

antioxidant). A plot of absorbance vs. concentration

was made to establish the standard curve and the

linear regression equations from which the IC
50

val-

ues were calculated [8].

Results and Discussion

Determination of free radical scavenging activity by

DPPH· assay is the simplest method to measure the

ability of antioxidants to intercept free radicals. The
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Fig. 1.  Poly[3-(3,4-dihydroxyphenyl)glyceric acid]
(PDPGA) from S. asperum, S. caucasicum and S.
officinale (R = H) and A. italica (R = H, CH

3
).

Fig. 2. Synthetic racemic 3-(3,4-dihydroxyphenyl)glyceric
acid (RDPGA).

Fig. 3. Trans-caffeic acid.
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scavenging effects of caffeic acid-derived polymer

from A. italica (PDPGA–AI) (Fig. 1) and its synthetic
monomer racemic 3-(3,4-dihydroxyphenyl)glyceric

acid (RDPGA) (Fig. 2) and caffeic acid (Fig. 3), are

shown in Table. Their scavenging activity of DPPH·-

radicals indicates that the DPPH·-radical scavenging

activity of the test compounds is due to their hydro-

gen-donating ability. Thus, the nonenzymatic DPPH·-

radical scavenging activity of test compounds may

be attributed to the catechol moieties contained in

these preparations.

The unexpected lowest antioxidant activity of

polyether PDPGA–AI may be explained with the less
stabilizing effects of phenoxide radicals via intra- or in-

ter-molecular hydrogen bonds observed in monomeric

products. Such stabilizing effects of phenoxide radicals

in phenolic compounds via intra- or inter-molecular

hydrogen bonds are reported in reference [11].

This hypothesis is strengthened by the similarity

of structural features of 3-(3,4-dihydroxyphenyl) glyc-

eric acid and trans-caffeic acid. In case of RDPGA,

the phenoxide radicals produced during the reaction

can be stabilized intra-molecularly via hydrogen

bonds, while in case of trans-caffeic acid, over the

extended conjugated system.

Regarding the structure of the PDPGA–AI, it is
possible that the observed anti-ulcer property of

Anchusa extracts [12,13] and their inhibitory activity

against pepsin [14] are the results not only of their

antioxidant activity, but mainly due to inactivation of

enzymes or proteins involved in pepsin [12-14].

Thus, we expect that PDPGA–AI is useful for a
therapeutic agent to offer protection against a wide

range of free radical-induced and/or enzyme-related

inflammatory and vascular diseases and conse-

quently damage of tissue in wound might be reduced.

Table. Comparison of antioxidant activity of PDPGA–AI to RDPGA and caffeic acid

* IC
50

 ± standard deviation (n=4)

Compound Antioxidant activity (IC50*, g/ml) by DPPH-method

PDPGA–AI 51.5 ± 1.11

Synthetic RDPGA 3.8 ± 0.3

Trans-caffeic acid 12.2 ± 0.7
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farmakoqimia

Anchusa italica-s kofeinis mJavas warmoebulis
polimeris antioqsidanturi aqtivoba

m. merlani*, v. barbaqaZe*, l. gogilaSvili*, l. amiranaSvili*

* Tbilisis saxelmwifo samedicino universiteti, i. quTaTelaZis farmakoqimiis instituti,
Tbilisi, saqarTvelo

(warmodgenilia akademiis wevris e. qemerteliZis mier)

Seswavlilia Anchusa italica-s kofeinis mJavas warmoebulis polimeris poli [3-(3,4-
dihidroqsifenil) glicerinis mJavas] (pdfgm), misi sinTezuri monomeris racemuli 3-
(3,4-dihidroqsifenil) glicerinis mJavas da trans-kofeinis mJavas SedarebiTi
antioqsidanturi aqtivoba stabiluri 2,2-difenil-1-pikrilhidrazilis (dfph·) Tavisufali
radikalis mimarT. A.italica-s pdfgm-is IC50 mniSvneloba tolia 51,5 µg/ml.
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