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Fractionation of Biologically Active Poly[3-(3.,4-
Dihydroxyphenyl)Glyceric Acid] Preparation from
Symphytum asperum, Simultaneous Determination of
Molecular Weights and Contents of its Fractions Using
HPSEC-MALLS-RID
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Fractionation and molecular weight distribution of biologically active poly[3-(3,4-dihydroxyphenyl)
glyceric acid] (PDPGA)-preparation from Symphytum asperum were carried out. Molecular weights
and contents of different fractions for PDPGA-preparation were simultaneously determined using
high performance size exclusion chromatography (HPSEC) coupled with multi angle laser light
scattering (MALLS) and refractive index detector (RID) with the refractive index increment (dn/dc).
Results suggested that HPSEC-MALLS-RID with the dn/dc method could be used as a routine
method for quality evaluation of PDPGA-preparations from the species of genera Symphytum,
Anchusa, Cynoglossum and Borago of Boraginaceae family on the content of biologically active
principle PDPGA, polysaccharides impurities and standardization of PDPGA-preparations. Results
may contribute to the rational usage of PDPGA-preparations from several species of Boraginaceae
family S. asperum, S. caucasicum, S. officinale, S. grandiflorum, Anchusa italica, Cynoglossum
officinale and Borago officinalis and are beneficial to improve the quality control of PDPGA-
preparations. © 2021 Bull. Georg. Natl. Acad. Sci.

Poly[oxy-1-carboxy-2-(3,4-dihydroxyphenyl)ethylene], acid],

Symphytum asperum, refractive index increment, high performance size exclusion chromatography, multi

poly[3-(3,4-dihydroxyphenyl)glyceric

angle laser light scattering. molecular weight distribution

In our previous data of liquid-state 'H, *C NMR,
2D 'H/"*C HSQC, 2D DOSY and solid-state '*C
NMR spectra it was found that the main chemical
crude from

constituent  of polysaccharides

Symphytum asperum, S. caucasicum, S. officinale,
S. grandiflorum, Anchusa italica, Cynoglossum
officinale [1] and Borago officinalis (unpublished)
(Boraginaceae) is biologically active [2] caffeic

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

(PDPGA) (Fig. 1).

COOH
-0

OH
OH n

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

Recently, a high performance size exclusion
chromatography coupled with multi angle laser
light scattering and refractive index detector
(HPSEC-MALLS-RID)  with the

refractive index increment (dn/dc) method has been

universal

developed. This method can be utilized for the
direct determination of contents based on the
concentration-specific refractive index increment
equation without reference standard and calibration
curves [3]. In this study this method has been
applied for quantitative analysis of PDPGA-
preparation and its fractions. The molecular masses
and contents of fractions for PDPGA-preparation
from S. asperum were simultaneously determined
using HPSEC-MALLS-RID with the dn/dc.

Materials and Methods

PDPGA-preparation of S. asperum was obtained as
discribed in earlier work [4]. The molecular
weights (Mw), polydispersity (Mw/Mn), contents of
PDPGA-preparations and their fractions were
measured using HPSEC-MALLS-RID with the
dn/dc method according to previous reported
method [3]. In brief, HPSEC-MALLS-RID
measurements were carried out on a multi angle
laser light scattering detector (MALLS, DAWN
HELEOS, Wyatt Technology Co., Santa Barbara,
CA, USA) with an Agilent 1100 series LC system
(Agilent Technologies, Palo Alto, CA, USA). The
separation of PDPGA-preparation was performed

on column of TSK-Gel G6000PWXL
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(300 mmx7.5mm, id.) at 35°C. The MALLS
instrument was equipped with a He-Ne laser
(A=658 nm). An Optilab rEX refractometer (RID,
DAWN EOS, Wyatt Technology Co.,
Barbara, CA, USA) was simultaneously connected.

Santa

The mobile phases were: 1) 0.9% NaCl aqueous
solution, 2) 0.9% NaCl aqueous solution and added
with Na;COs, 3) 0.9% NaCl aqueous solution and
added with NaOH, 4) H,O, 5) 10mM NaOH
aqueous solution, 6) 100mM NaOH aqueous
solution, at a flow rate of 0.5 mL/min. An injection
volume of 50 pL was used. The Mw was calculated
by the Zimm method of static light scattering based

on the basic light scattering equation is as follows

(31 (D),

K 2 2
¢ :L +wgnz(gj +24,c+..., (1)
R, Mw 32 2

where K is an optical constant equal to
[4°n°(dn/dc)]?/(N4AY); ¢, the PDPGA-prepa-
ration concentration in g/mL; R the Rayleigh
ration, M,,, weight average molecular mass; <S>z,
radius of gyration; A, the wavelength; n, the
index of the solvents. dn/dc, the
refractive index increment of PDPGA-preparation
in the solvents. Ny, the Avogadro’s number; 4,,

refractive

the second virial coefficient. The specific refractive
index increment (dn/dc) of PDPGA-preparation in
solvents was measured by RI batch model using an
Optilab rEX refractometer at 658 nm and 35°C to
be 0.148 mL/g according to a previously reported
method [3]. Then the content of fraction of
PDPGA-preparation was calculated based on the
refractive index difference with dn/dc value
according to the following equation [3] (2),

C - o (Vz - Vi,base/ine) ’ @

dn/dc

where C;is the concentration of polymer; « is the
RID calibration constant (in RI units per volt),
which is determined as 3.4756 x 10~ RIU/pixel; V;
and V; paseiine are the RID voltages of sample and
dy/d. 1is the specific

baseline, respectively;
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refractive index increment of PDPGA-preparation,
which was determined as 0.148 mL/g by using an
Optilab rEX refractometer at 658 nm and 35°C. The
Astra software (version 6.0.2, Wyatt Technology
Co., Santa Barbara, CA, USA) was utilized for data
acquisition and analysis.

All results were expressed as means £ SD.

SEC-MALLS-RID Analysis of PDPGA-
Preparation

Sample A:3 mg/mL of sample A was dissolved in
mobile phase, 0.9% NaCl aqueous solution,
without heating. PDPGA-preparation was poorly
dissolved in 0.9% NaCl aqueous solution. Sample
B:3 mg/mL of sample B was dissolved in mobile
phase, 0.9% NaCl aqueous solution, 60°C for
40 min. Sample C:3 mg/mL sample C was dissol-
ved in 0.9% NaCl aqueous solution and added with
Na,CO3, 60°C for 40 min. PDPGA-preparation was
poorly dissolved in 0.9% NaCl aqueous solution
(added with Na,COs). Sample D:3 mg/mL sample
D was dissolved in 0.9% NaCl aqueous solution
and added with NaOH, 60°C for 40 min.
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Fig. 2. HPSEC-MALLS-RID analysis of PDPGA-prepa-
ration in 0.9% NaCl aqueous solution, without heating
(Sample A).

50 100 150

Table 1. The molecular masses (Mw) and polydispersity
(Mw/Mn) of fractions (Peak 1, 2) for Sample A (Fig. 2)

Peak 1 Peak 2
5 5

Mw(Da) 2.154x10 1.457%10
(+7.028%) (+17.845%)

1.063 11214
Mw/Mn (+9.655%) (+10.865%)
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Fig. 3. HPSEC-MALLS-RID analysis of PDPGA-prepa-
ration in 0.9% NaCl aqueous solution, 60°C for 40 min.

(Sample B).

Table 2. The molecular masses (Mw) and polydisper-
sity (Mw/Mn) of fractions (Peaks 1, 2) for Sample B

(Fig. 3)

Peak 1 Peak 2
4
Myw(Da) 8.045x10 2.089x10°
(+8.173%) (+18.685%)
1.219 1.269
Mw/Mn (£10.463%) (£27.551%)
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Fig. 4. HPSEC-MALLS-RID analysis of PDPGA-prepa-
ration in 0.9% NaCl aqueous solution and added with
Na2COs, 60°C for 40 min. (Sample C).

Table 3. The molecular masses (Mw) and polydisper-
sity (Mw/Mn) of fractions (Peaks 1, 2, 3) for Sample C

(Fig. 4)

Peak 1 Peak 2 Peak 3
6 5 3
Mw (Da) | 3-908x10° | 3.313x10° | 9.749x10
(£0.626%) | (£1.04%) | (+6.172%)
1.107 1.518 1.564
Mw/Mn (+0.901%) | (£1.505%) | (+11.090%)
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Fig. 5. HPSEC-MALLS-RID analysis of PDPGA-
preparation in 0.9% NaCl aqueous solution and added
with NaOH, 60°C for 40 min. (Sample D).

Then we tried to increase the solubility of
PDPGA-preparation from S. asperum. Solvent
The PDPGA-preparation could be

partially dissolved in water (solution A) and almost

selection:

completely dissolved in 0.1 M NaOH solution
(solution B). The PDPGA-preparation could not be
dissolved in organic solvents. Solutions A and B
were centrifuged at 6000 g for 10 min. Precipitate
in solution B is less than that in solution A. To
compare the characters of solution A and B the

following analysis was carried out.

Table 4. The molecular masses (Mw) and polydispersity (Mw/Mn) of fractions (Peaks 1, 2, 3, 4) for Sample D

(Fig. 5)
Peak 1 Peak 2 Peak 3 Peak 4
6 6 6 6
Mw (Da) 3.613%x10 (£1.094%) 3.587%10 (£0.710%) 3.436%10 (£1.335%) 1.520%10 (£9.486%)
Mw/Mn 1.048(£1.517%) 1.011(£1.015%) 1.147 (£1.609%) 2.162 (£13.095%)
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Fig. 6. HPSEC-MALLS-RID analysis of A, B, C and D.
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Table 5. The molecular masses (Mw) of fractions (Peaks 1, 2, 3) for Samples B, C, D (Fig. 6) and contents of

Samples B, C, D
Mw (Da) Mass Soluble
Pl P2 P3 (ng) | mass(%)
B 9.177%10° (+£6.99%) 1.289x10° (+6.37%) 1.644x103 (+£17.42%) 30.0 10
1.303%10°(+9.88%) 1.456x10° (+£5.07%) 8.883x10*(+17.23%) 56.2 18.7
D 2.950x10° (+2.58%) 2.751x10° (£2.41%) 8.049x10%*(£6.76%) 74.9 24.9

Bull. Georg.
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HPSEC-MALLS-RID Analysis

A: Blank, 10 mM NaOH; B:3.0 mg/mL PDPGA-
preparation in H,O, 50°C, 4 h; C:3.0mg/mL
PDPGA-preparation in 10 mM NaOH, 50°C, 4 h;
D:3.0mg/mL PDPGA-preparation in 100 mM
NaOH, 50°C,4h. UV spectra of B,C and D samples
had absorption maxima at 212, 236, 286 nm.

Thus, soluble mass of the sample increased with
increasing alkaline concentration (Table 5, Samples
B, C and D). UV absorption was mainly derived
from fraction of P3 (Fig. 6, Samples B,C and D).

Conclusion

Molecular weights and contents of biologically
active poly[3-(3,4-dihydroxyphenyl)glyceric acid]
(PDPGA)-preparation fractions from Symphytum
asperum (Boraginaceae family) were simulta-

neously determined and compared by using

Bull. Georg. Natl. Acad. Sci., vol. 15, no. 1, 2021

HPSEC-MALLS-RID with the dn/dc method. This
method is one of the efficient and powerful
techniques for analysis of the molecular weight
and molecular weight distribution of polymers
from natural resources. Thus, obtained results
suggested that HPSEC-MALLS-RID with the
dn/dc method could be used as a routine method
for quality evaluation of PDPGA-preparations
on the content of
PDPGA,

polysaccharides impurities and standardization of

from natural resources

biologically active principle
PDPGA-preparations. Results may contribute to
the rational usage of PDPGA-preparations from
several species of genera Symphytum, Anchusa,
Cynoglossum and Borago (Boraginaceae family)
and are beneficial to improve the quality control
of preparations.



74 Vakhtang Barbakadze, Lali Gogilashvili, Lela Amiranashvili...

BSOS 3J0005

Symphytum asperum-ols d0MEMYO0IMI© 5JEH0MO 3cemo[3-
(3,4 003000MJ053gb0E0) a0 EgMObOL Bx535L] 3Mg3sMmoEOL
RM3J30Mmb0Mgds, BMJ30900L 999(339¢mdOL ©s

dceg3990Mo §imbgdol 9MHmMMYEo 3sbLsBE3Mms —
HPSEC-MALLS-RID-0b 953myg69000)

3. d5D953dg", . 3Ma0es330¢o’, . 5906565330¢0", 3. AgMHemsbo’,
9-3. o™, B. Fob339(39d9°

‘m8ogrobol bsbgendfonm bsdgwoogobem «6039GLodId0, 0. F90205039e05d0lb RsGds3mFodool 0blBodwIdO,
080¢molo, bsgstozgerm
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0966096985005 0bbBHOANIAH0, 8s3509b #bo3gHbodIB0, B350, Bobgoro

$530@9800b 9360, 03569 33356083000l bsb. mbogrobol bsbyerdfonm  wbogg®bodgdo, 30bozGo ©s
sbsecrobemo Jodool obbhodwyho, b0 s Lsbdwbgdoblgdysgcre 0936096098980 Uzmens, odogrolo,
bsgstoggerm

356bmG30gers Symphytum asperum—ol domemaowMi@ s§Gommo dmemo[3-(3,4-o3opmmduo-
B9bom)amoEg®obols 355355] (3xyad) 30MY3sMo@0l BMsdsombomgds s dmemggmerm®-fimbomo
39bsffoemgds.  3nad-ol 3Mg3sme@ol Lbzslbgs BMsdgool BgdEggermds ©d Gmerg3menmo
fmbol ghomEOmmemo gsblsbmams FsbbmMEogm@s dsmsegngddmmo bmdol gdbzwmbomdo
JOmdsGHmaMdsgool (3gbgd) g9dmygbgdom, Gmdgerog Bgfiggomgdmmo ogm IMgsengmmbmgsbo
@sHgOHmeEo Lobsmeol asx8sb@3oL (93ely) ©s MgRMdaool obwgdlol ©yGgJGMOmb (o)
9nm5dgool obogdiol bMHpom (dn/dc). domgdmmo B9@gagdol 0sbsbAse dgbgd-03wly-Moo
dn/dc 990dengds g58mygbgduer odbgl, Gmameg Gm@Eobmmo dgmmoo Boraginaceae-l mysbols
Symphytum-ols, Anchusa-l, Cynoglossum-ols @5 Boragol 335000l Labgmdgool 3coiyd—ol 3mg-
35053700l bstolbol Fggxsligdolisl dommmaomMs s§@ommo dmddgoo Lsfigobols Bgdaggem-
05Dy, 6sMBgbo 3dmemolisgds®ogdol sMLYdMdSBY s 3RT-ol 3MY35M3BHJOOL LEBIMGHODS-
300bsm30l. domgdmends 899agdds godergds bgwo dgmfigml Boraginaceae mysbol bgsslibgs
LobgmdoL S. asperum-ols, S. caucasicum-ob, S. officinale-obs, S. grandiflorum-ob, Anchusa italica-ls,
Cynoglossum officinale-os ©5 Borago officinalis-ols 3og0-0b 30335M5¢g00L M330mbsgrm® gs3m-
9496903l s 36083bgermz960 fzemommo 8go@sbml sebodbmemo 36Hy3sGadgdols bsolbols 3mbEmm-

ol govmdxmdgligdsdo.
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