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Analytical Chemistry
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ABSTRACT. A simple, fast, sensitive, reliable method for the spectrophotometric quantitative determination of
poly[3-(3,4-dihydroxyphenyl)glyceric acid] (PDPGA) based on the measurement of PDPGA at 286 nm has been
developed. The method is easy to operate, shows a good reproducibility and thus can be used as a routine detection
technique in serial experiments. © 2010 Bull. Georg. Natl. Acad. Sci.
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spectrophotometric determination

In our previous studies we isolated crude polysac-
charides (CP) from the roots and stems of Symphytum
asperum (CP-SAR, CP-SAS, respectively) and S.
caucasicum (CP-SCR, CP-SCS, respectively), from the
roots of S. officinale (CP-SOR), and from the roots of
Anchusa italica (CP-AIR) [1-4]). Further fractionation
by ultrafiltration on the membrane filters with cut-off
values of 1000 kDa or 500 kDa for CP-SAR, CP-SAS,
CP-SCR, CP-SCS and CP-AIR led to the elimination of
most ballast polysaccharides and obtaining high-mole-
cular (HM) (>1000 kDa or >500 kDa) preparations: HM-
SAR (>1000 kDa), HM-SAS (>1000 kDa), HM-SCR (>1000
kDa), HM-SCS (>1000 kDa), HM-SCR (>500 kDa) and
HM-AIR (>500 kDa) [3-6]. The main chemical consti-
tuent of all these high-molecular fractions is caffeic acid-
derived polymer, namely poly[3-(3,4-dihydroxyphenyl)
glyceric acid] (PDPGA) or poly[oxy-1-carboxy-2-(3,4-
dihydroxyphenyl)ethylene] (Fig. 1) [3,4,6-9].

This compound is a representative of a new class
of natural polyethers with a residue of 3-(3,4-
dihydroxyphenyl)glyceric acid as the repeating unit. This
polymer possesses diverse biological activity [9-14].

Due to relative novelty of PDPGA no information
was available on the quantitative analysis of such a
polyether. Therefore, the aim of the current work was
the development of a simple, sensitive and economical
spectrophotometric method for quantitative determi-
nation of PDPGA, which does not need expensive
instruments and lengthy procedure.

Results and Discussion. All the above-mentioned
HM preparations contained residual polysaccharide

COOH

= Q==HC==CH=

OH

OH

n

Fig. 1. Poly[3-(3,4-dihydroxyphenyl)glyceric acid] (PDPGA)
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admixtures and have characteristic absorption maximum
at 286 nm both in water and in sodium phosphate buffer,
pH 6.8 and veronal-saline buffer, pH 7.35 [5,9]. HM-SAR
(>1000 kDa) partially dissolved in barbital buffer, pH 7.35,
and after centrifugation got HM-SAR (>1000 kDa
supernat.) (60 %) and HM-SAR (>1000 kDa pellet) (27
%) [5]. HM-SAR (>1000 kDa supernat.) was additionally
fractionated by gel-filtration chromatography on a
Sepharose 2B column. These fractionation procedures
did not allow us to remove an admixture of polysaccha-
rides. HM-SAR (>1000 kDa supernat.) still contained
some amounts of carbohydrates (25.7 %) and protein
(6.68 %) admixtures [5].

In order to develop spectrophotometric quantitative
determination of PDPGA we could not use as standard
pure synthetic monomer 3-(3,4-dihydroxyphenyl)glyceric
acid, as its characteristic bands at 230 and 278 nm are
shifted about 7-8 nm towards lower wavelengths than
the absorption maxima of natural polymer [15]. That is
why we decided to use HM-SAR (>1000 kDa supernat.)
as a standard for the plotting of a standard curve on the
characteristic absorption maximum at 286 nm. Among
the above-listed natural preparations, which contain the
PDPGA as a main component, the HM-SAR (>1000 kDa
supernat.) is the most pure and soluble. Polysaccharides
contents cannot contribute to absorption in UV as
sugars have no chromophores. A small amount of pro-
tein, which has absorption maximum at 280 nm, can make
an insignificant contribution in the total absorption at
286 nm. To prepare a stock standard solution from HM-
SAR (>1000 kDa supernat.) we carried out conversion
to PDPGA, taking into consideration the contents of
carbohydrates and protein admixtures and deducting
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Fig. 2. Calibration graph for PDPGA

them from the total weight of HM-SAR (>1000 kDa
supernat.).

There is a linear relation between the absorptivity
and the PDPGA content at the characteristic maximum
absorption (286 nm). The standard curve obeys the
Lambert-Beer law in the range of 30 - 150 png/ml (Fig. 2).

The calibration curve of PDPGA was prepared by
varying the amount of PDPGA in the range of 10-200 ig/
ml and is shown in Fig. 2. It is clear from the standard
curve that absorbance is directly proportional to the
PDPGA concentration. This method is very simple, fast,
sensitive, reliable, easy to operate and less time consu-
ming, allowing to analyze much more samples. It shows
a good reproducibility and can be used as a routine
detection technique in serial experiments.

The concentration of PDPGA in CP and HM
preparations of S. asperum, S. caucasicum, S. officinale
and Anchusa italica was determined. PDPGA content
of samples is given in Table.

The concentration of PDPGA in different preparations of S. asperum, S. caucasicum, S. officinale and Anchusa italica.

Sample Concentration, mean+SD Coefficient

(standard deviation, n=38), of variation,
% %

1. CP-SAR 25.30 +1.06 4.19

2. CP-SAS 36.31 £1.51 4.16

3. CP-SCR 26.13 £1.21 4.64

4. CP-SCS 34.88 £2.08 5.96

5. CP-SOR 31.38 £192 6.13

6. CP-AIR 44.48 +0.95 213

7. HM-SAR (>1000 kDa, pellet) 68.25 £2.79 4.09

8. HM-SAS (>1000 kDa) 46.75 £3.62 7.73

9. HM-SCR (>1000 kDa) 49.13 +4.45 9.07

10. HM-SCR (>500 kDa) 4525 +421 9.30

11. HM-SCS (>1000 kDa) 37.88 £2.59 6.83

12. HM-AIR (>500 kDa) 57.18 £3.36 5.88

Bull. Georg. Natl. Acad. Sci., vol. 4, no. 3, 2010



Spectrophotomertric Quantitative Determination of Poly[3-(3,4-Dihydroxyphenyl)Glyceric Acid] 125

Evaluation of the relative precision of the method is
given in Table 1. Coefficients of variations in all cases
are less than 10% and, therefore the proposed method
can be considered as quite precise.

Materials and Methods. Apparatus. ADU 520 UV/
Vis spectrophotometer (Beckman Coulter Inc., Fullerton,
CA, USA) was used for the measurement of absorbance
at 286 nm.

Preparation of standard stock solution and calibra-
tion graph

To prepare stock standard solution containing 1 mg/
ml PDPGA we took 36.97 mg HM-SAR (>1000 kDa
supernat.) which contained 67.62 % PDPGA and
dissolved it in 25 ml of distilled water, using a volumetric
flask. 2.5 ml of stock standard solution was further diluted
to 25 ml with water which contained 100 pg/ml of PDPGA.
A calibration graph for the determination of PDPGA was
prepared by varying the amount of PDPGA in the range
10—-200 pg (Fig. 2). In order to obtain solutions with 10,

.)b'omm?sgéo jm?n.)

20, 30, 40 etc 200 ig/ml PDPGA we took 0.1, 0.2, 0.3, 0.4
etc. 2 ml of 100 ig/ml PDPGA and added 2.9, 2.8,2.7,2.6
etc 1 ml water, respectively. The regression equation was
y=0.0058x - 0.0073, where y is the absorbance and x is
the amount of PDPGA in micrograms. The linear
correlation coefficient » = 0.9993, the coefficient of
determination r° = 0.9986.

Preparation of samples. Each sample used for
determination of PDPGA at 286 nm was dissolved in
distilled water prepared solution with concentration 1
mg/ml.

Conclusion. The spectrophotometric method based
on the measurement of PDPGA at 286 nm could be
applied for PDPGA determination in various samples of
CPs and HM preparations. The information gained from
these measurements will help in establishing a baseline
analysis of PDPGA of plant HM preparations. This
method is simple, rapid, economical as well as sensitive
and does not need expensive instrumentation.
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