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Fractionation of biologically active poly[3-(3,4-dihydroxyphenyl)glyceric acid] (PDPGA)-
preparation from Symphytum asperum, distribution of PDPGA and polysaccharides impurity using
high performance size exclusion chromatography (HPSEC) coupled with multi angle laser light
scattering (MALLS), refractive index detector (RID) and membrane ultrafiltration methods were
carried out. Three absorption maxima Amax at 212, 236, 286 nm in the UV spectra of PDPGA-
preparation in H2O, 10 mM NaOH and 100 mM NaOH were observed. Supernatants after
centrifugation as well as precipitates dissolved in 100 mM NaOH were tested on the presence of
carbohydrates admixture by phenol-sulfuric acid method. Polysaccharides fraction was water
soluble. The solubility of PDPGA-preparation increased with increasing alkaline concentration. Two
fractions of the PDPGA-preparation obtained by HPSEC analysis were fractionated by using
membrane ultrafiltration method with the cut off value of 10 kDa and got the permeate and retentive
fractions. Retentive fraction has high UV absorbance and contained mainly PDPGA. Sugars mainly
are in permeate fraction. © 2021 Bull. Georg. Natl. Acad. Sci.

Poly[oxy-1-carboxy-2-(3,4-dihydroxyphenyl)ethylene],  poly[3-(3,4-dihydroxyphenyl)glyceric  acid],
Symphytum asperum, high performance size exclusion chromatography, multi angle laser light scattering,

refractive index detector

In our previous study the crude polysaccharides
preparation from medicinal plant Symphytum
ultrafiltered on
membrane filter and additionally fractionated by gel

asperum (Boraginaceae) was

chromatography on a Sepharose 2B column. These
fractionation procedures allowed us to remove most

biologically inactive ballast polysaccharides and to
obtain water-soluble high-molecular (>1000 kDa)
biologically active preparation [1]. Its main
chemical constituent according to data of different
techniques of NMR spechtroscopy was found to be

caffeic acid-derived biopolymer, namely poly[oxy-

© 2021 Bull. Georg. Natl. Acad. Sci.
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1-carboxy-2-(3,4-dihydroxyphenyl)ethylene]  or
poly[3-(3,4-dihydroxyphenyl)glyceric acid]

(PDPGA) (Fig. 1) [2].
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Fig. 1. Poly[3-(3,4-dihydroxyphenyl)glyceric acid]
(PDPGA).

However, this PDPGA-preparation contained
some amounts of polysaccharides admixture. Later
we attempted to fractionate PDPGA-preparation
by HPLC on two types of gel-filtration chroma-
tography columns — silica-based Biosep 4000 and
polymer-based Polysep 6000 with the use of both
UV and RI detectors. However, with these methods
the polysaccharides admixture could not be
completely separated from PDPGA [3]. Recently
molecular weights and contents of different
PDPGA-preparation
simultaneously determined using high performance

fractions for were
size exclusion chromatography (HPSEC) on
column of TSK-Gel G6000PWXL coupled with
multi angle laser light scattering (MALLS) and
refractive index detector (RID) [HPSEC-MALLS-
RID] with the refractive index increment (dn/dc)
[4].

We continue our attempt to fractionate
PDPGA-preparation by modern methods and to get
as much information as possible. Consequently,
subject matter of present work was fractionation of
biologically active PDPGA-preparation from S.
distribution of PDPGA  and
polysaccharides admixture using HPSEC-MALLS-
RID and membrane ultrafiltration methods.

asperum,

Materials and Methods

PDPGA-preparation of S.asperum was obtained as
described in earlier work [1]. Fractionation of
PDPGA-preparation  was

performed  using

Bull. Georg. Natl. Acad. Sci., vol. 15, no. 2, 2021

HPSEC-MALLS-RID method
previous reports [4,5].

Results and Discussion
The could be
dissolved in water and almost completely dissolved
in 0.1 M NaOH solution. It could not be dissolved

in organic solvents. Then we tried to study how the

according to

PDPGA-preparation partially

solubility of PDPGA-preparation increased. A:
3.0 mg/mL PDPGA-preparation in H,O; 50°C, 4 h;
B: 3.0mg/mL PDPGA-preparation in 10mM
NaOH; 50°C, 4h; C: 3.0mg/mL PDPGA-
preparation in 100 mM NaOH; 50°C, 4 h. Solutions
A, B and C were centrifuged at 6000 g for 10 min.
Soluble mass of the PDPGA-preparation increased

with increasing alkaline concentration.
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Fig. 2. HPSEC-MALLS-RID analysis of A, B and C.
Green peak indicates detection of compounds by UV
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detector; blue peak indicates detection of compounds by
RI detector.

3.0 mg/ml PDPGA-preparation in H,O; 50°C,
4 h; centrifuged at 6000 g for 10 min. A:Supernatant;
B:Precipitate dissolved in 100 mM NaOH; C:High
concentration of B. Then A, B and C were analyzed
using HPSEC-MALLS-RID method (Fig. 2).

UV detector indicates the presence of only
PDPGA as compound of phenolic nature, whereas
RI detector indicates the presence of both PDPGA
and polysaccharides impurity.

A: 3.0 mg/mL PDPGA-preparation, in H,O; B:
3.0 mg/mL PDPGA-preparation, in 10 mM NaOH;
C: 3.0mg/mL PDPGA-preparation, in 100 mM
NaOH. Each supernatant after centrifugation at
6000 g for 10 min diluted 128 times with H,O and
scanned at 200-350 nm. Three absorption maxima
Amax at 212, 236, 286 nm in the UV spectra were

observed.

Test of the Carbohydrates Fraction
Using Phenol-Sulfuric Acid Method [6]

supernatant

-

1| Supernatant, diluted

| precipitate

Fig. 3. Presence of polysaccharides admixture of
PDPGA-preparation in H.O, 10 mM NaOH, 100 mM
NaOH solutions using phenol-sulfuric acid reaction.

Table. Optical density values of phenol-sulfuric acid
reaction with polysaccharides impurity

A B C D E F G
0| 0344 | 1484 | 1.796 | 1.723 | 1.792 | 1.800
H I J K L M
0958 | 1.011 | 1.068 | 0.503 | 0460 | 0421
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A: H>O as blank control (Fig. 3, A; Table, A);
B, C and D: 0.01, 0.1 and 0.4 mg/mL glucose (Glc)
(Fig. 3, B, C, D; Table, B, C, D); E, F and G:
Supernatants of PDPGA-preparation in HO,
10 mM NaOH and 100 mM NaOH, respectively,
after centrifugation at 6000 g for 10 min (Fig. 3, E,
F, G; Table, E, F, G); H, I and J: Four times dilution
of E, F and G, respectively, with H,O (Fig. 3, H, I,
J; Table, H, I, J); K, L and M: Precipitate of
PDPGA-preparation in H,O, 10mM NaOH and
100 mM NaOH, respectively, after centrifugation at
6000 g for 10 min (Fig. 3, K, L, M; Table, K, L, M).
Polysaccharides fraction was water soluble (Fig. 3,
E, H; Table, E, H).

Primary Fraction of the PDPGA-
Preparation
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Fig. 4. HPSEC-MALLS-RID analysis of A, B and C.
Green peak indicates detection of compounds by UV
detector; blue peak indicates detection of compounds by
RI detector.

UV detector indicates the presence of only
PDPGA as compound of phenolic nature, whereas
RI detector indicates the presence of both PDPGA
and polysaccharides admixture.

A: Original PDPGA-preparation solution; B, C:
Two fractions from A; Sample A (1 mL) was
neutralized by HCIl; Peaks 2 and 3 (Fig. 4) were
fractionated by using membrane ultrafiltration
method with cut off value of 10 kDa (Millipore),
15 mL. The permeate (B) and retentive (C) fractions

were adjusted to 1 mL.

Fig. 5. Presence of polysaccharides admixture in four
times diluted fractions C (e), B (f) and fractions C (g), B
(h) without dilution using phenol-sulfuric acid reaction.

a: H,O; b: 0.01lmg/mL Glc; c: 0.1mg/mL Glc; d:
0.4 mg/mL Glc (Fig. 5, a, b, ¢, d); Four times diluted
fractions C (e) and B (f) (Fig. 5, e, f). Fractions C (g)
and B (h) without dilution (Fig. 5, g, h). Fraction C

Bull. Georg. Natl. Acad. Sci., vol. 15, no. 2, 2021

has high UV absorbance due to the presence of
mainly PDPGA (Fig. 4, C; Fig. 5, e, g); Sugars are
mainly in fraction B (Fig. 4, B; Fig. 5, f, h).

Conclusion

Thus, biologically active PDPGA-preparation from
S. asperum partially dissolved in water and
completely dissolved in 0.1 M NaOH solution. The
solubility of PDPGA-preparation increased with
increasing alkaline concentration. Polysaccharides
admixture of PDPGA-preparation was water
soluble. The fractionation of PDPGA-preparation
using HPSEC-MALLS-RID and

fractionation by membrane ultrafiltration method

additional

resulted in obtaining of permeate and retentive
high UV
absorbance. Sugars do not have chromophores and

fractions. Retentive fraction has
consequently do not absorb light in the UV range.
It is therefore highly likely that the UV absorption
could arise due to presence of compound of
phenolic nature, namely caffeic acid-derived
biopolymer PDPGA. Sugars are mainly in
permeate fraction. Thus, aforenamed fractionation
procedures of PDPGA-preparation allowed us to
determine predominant distribution of PDPGA and

polysaccharides impurity in different fractions.
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BSOS 3J0005

Symphytum asperum-ols 30mEMyo0IM5Q 5JGHommo 3meo[3-
(3,4 00300MHMJlogxgbo)aoEgM0bol 355358] 36M935Ms@0l
RMsgd30mbogds HPSEC-MALLS-RID-0b s 0993656v9¢00

M GMIROWEHM300L 3g0MmEgdol 353mygbgdom

3. d56d45dg", . gmyosdzomo’, . 53065653300, 8. 9o’
9-3. o™, B. Fob339(39d9°

‘m8ogrobol bsbgemdfonm bsdgwoogobem «6039GLodgd0, 0. F90205039e05d0lb RsGds3mFod0olb 0blBoGXdO,
08000, bsgstozgerm

“Bobwyto Goooiobol bs6obbol 33¢m930b bsbyerdfogm bs3zzs60m ¢nsbe®odmeos, Bobgorol dyoogobol
0966096985005 0bbBHOANIAH0, 8s3509b #bo3gHbodgB0, B350, Bobgoro

$530@9800b 9360, 03569 33356083000l bsb. 0Bogrobol bsbyerdfogm #9bag3gGlodgdo, 30b03wMHo ©s
sbscrobmo Jodool obbhodeyho, bbdo s Lsbbgdobdgdyzgamer 093bogmhg8gdol lizeagms

Symphytum asperum-ob d0mEMyoMMms©  SJGHomco  3meo[3-(3,4-o3opmmdlo-ggbom)awmo-
39M0bol 375350] (30xad)-30935GMsG0l BMmJ30mboMmgds s bs@Bgbo 3mmolisgsGoEgdol BMad-
30000l gsbsffoengds s gbLIBMZMs sbbmMEogmEs Bsmsemgngddmdo bmds gdbzembomeo
JOmdsGHmaMdagool (3gbgd) gs0mygbgdom, Gmdgerog Bgfiggomgdmmo ogm IMgsengmmbmgsbo
@sBgOHmMeEo bobsmeol goxsbGzol (33ely) ©s MyBMagsool 0bgduol ©IGIIGMGM (Mo).
3x830-30935Ms@ol blibstgdo fgsemdo, 10 doodmer NaOH-Us ©s 100 doodme» NaOH-8o
5059053690005 8035607gd0l BgdliodmagoL mMEEHMs00LBYM 139dGMTo Aasys 212, 236, 286 63-BY. sS0bod-
6o bbs®gdol (396G®ogmaomgdol 8gmgase domgdmmo bm3gmbs@sb@gdo, obgzy Gmymes
Baogrgdgdo gsblbogro 100 dogrodmer NaOH-8o 959mfjogdmer 0dbs bsmBgbo BabBofigmmgdols s@lg-
dmdsbY FBgbmEm-2ma0MEBs35Lmb Mgsdsool dgmmmom. 3meolsds@ogdol BMsJs0s M3oMs-
Ao §goemdo blbsos. gsbbmGEogmes 3xyd-36g3sMadol dgbgd-ol sbsgroBbol Fggase
Jomgdmmo mGmo ghogaool gMsgaombomgds 9ddMBMEo  MEGMIGomEMIE00L GgoM©oo
090060560l gmMgdol bmdoo 10kDa ©s domgdmen odbs 9gad@msbol gm®mgddo 09s35¢r0 s
993939070 BMdg3ogdo. s0bodbuero dgdd@msbom 8935300Men BMsdsosl gosBbos 0bGgblowmmo
809bmgdds Men@Mma0oLgg® B3gdGMdo. BogMgdo F0MHMSEE Mol BgddMBSTO 353535%m BMsg0sa0.
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