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Chitosan is biocompatible and biodegradable natural biopolymer widely applied in various fields of
biology, medicine, and pharmacy, however, its effects significantly depend on the degree of polymerization
(DP) and the degree of deacetylation (DDA) of polymer chains. Evaluation of the chitosan chain diversity by
DP requires the use of a highly expensive method of high-performance size exclusion chromatography. The
aim of our study was to determine the molecular weight profile of chitosan specimens by the use of electropho-
resis in a porosity step gradient polyacrylamide gel and to evaluate the efficacy of this method in monitoring
the purification of chitosan fragments and its derivatives. Two types of step gradient porosity gels were used:
1) gels of layers with acrylamide concentration 2.5, 3.5, 5.0, 10.0, 15.0, 20.0 % w/v for native chitosan or its
high molecular fragments; 2) gels of layers with acrylamide concentration 2.5, 5.0, 10.0, 15.0, 20.0, 25.0 % w/v
for low molecular chitosan fragments. The main amount of molecules from the chitosan pool was localized in
the type 1 gel in the region of 550-40 kDa and distributed among three bands, which in different samples dif-
fered significantly in percentage. Electrophoresis of chitosan fragments fractionated by gel permeation chro-
matography provided a clear separation of medium molecular weight fragments (50-400 kDa) in type 1 gel
and of low molecular weight fragments (3—40 kDa) in type 2 gel. Thus the method of chitosan electrophoresis
in a step-gradient porosity of polyacrylamide gel was developed which permits to characterize the molecular
weight profile of chitosan specimens polymer chains and is effective in monitoring the isolation of chitosan
fragments by gel penetration chromatography of molecular weights from 3 to 400 kDa.

Keywords: chitosan, determination of molecular weight, electrophoresis, step gradient porosity, poly-
acrylamide gel.

C hitosan is a natural biopolymer which is
widely applied in different fields of biology,
medicine and pharmacy due to its biocom-
patibility and biodegradability [1-3]. However, its
biological effects significantly depend on its physico-
chemical characteristics, the most important among
which are considered the molecular weight, resp.,
degree of polymerization (DP) and degree of dea-
cetylation (DDA) of polymer chains [4,5]. These
parameters of commercial chitosan specimens are
indicated in catalogs as average values, which, how-
ever, do not reflect the real degree of heterogeneity
of chitosan chains. It is considered that the molecular
weight of chitosan polymer chains may be extended
from 10 kDa to 1.000 kDa. The heterogeneity of
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chitosan chains by DP is characterized by polydis-
persity index (PDI), which is defined as the relation
M /M_, where Mn is an average molecular weight
relative to the number of particles, M, is an average
molecular weight dependent on the molecular weight
of particles. PDI can be calculated on basis of the
molecular weight profile of chitosan chains. The
fractionation of chitosan chains according to DP was
firstly performed by means of gel-penetration chro-
matography (GPC) [6-8]. Thereafter the technology
of high performance-size exclusion chromatography
(HP-SEC) was applied and after a series of consecu-
tive improvements, the modern method of molecular
weight profile estimation of chitosan chains in speci-
mens was developed [9-12]. Yet the highly expensive
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equipment and special requirements for materials
and condition of the analyt limit the wide applica-
tion of this method.

Another approach to fractionation of chitosan
and its oligomers is gel electrophoresis which was
initiated by P. Audy and A. Asselin [13]. Authors
revealed that the optimal for electrophoresis of chi-
tosan is polyacrylamide gel in acidic buffer systems.
However, the method had some disadvantages. The
main amount of chitosan migrated as an even ex-
tended strip without separation into bands. Only
low molecular chitosan oligomers obtained by en-
zymatic cleavage were resolved into distinct bands.
The absence of molecular weight markers applica-
ble in acidic electrophoresis systems made it diffi-
cult to separate the electrophoregram into fractions
according to distinct molecular weights. Besides,
some part of material was retained in the start posi-
tion and not entered the gel due to a very high mo-
lecular weight (over 1.000 kDa). Despite these cir-
cumstances, we suggest that analysis of molecular
weight profile of chitosan specimens by use of gel
electrophoresis is perspective as a convenient alter-
native to HP-SEC.

It was revealed in our studies on chitosan that
electrophoresis in polyacrylamide gel with a step-
wise gradient of porosity significantly improved the
image of electrophoregram by separation of chitosan
into several bands in accordance with molecular
weight due to the retardation on pore-size gradient
steps. This makes it possible to characterize different
chitosan specimens by molecular weight profile
which may be useful for their comparison and iden-
tification.

The aim of our study was to determine the mo-
lecular weight profile of chitosan chains in speci-
mens by use of electrophoresis in the step-gradient
porosity of polyacrylamide gel as well as to evaluate
the efficacy of this method in monitoring the process
of purification of chitosan fragments and its deriva-
tives.

Two types of step-gradient porosity gels were
developed: 1) gels of layers with acrylamide concen-
tration 2.5, 3.5, 5.0, 10.0, 15.0, 20.0% w/v for analysis
of native chitosan or its high molecular fragments; 2)
gels of layers with acrylamide concentration 2.5, 5.0,
10.0, 15.0, 20.0, 25.0% w/v for analysis of low molec-
ular chitosan fragments. The proposed method was
proved by investigations of chitosan specimens from
crabs, shrimps, honeybee corpses as well as in the
monitoring of fractionation and purification of chi-
tosan fragments by GPC [14, 15]. In the present pa-

per the optimized version of preparation of gels with
a step-gradient porosity, performance of electropho-
resis, quantitative evaluation of electrophoregrams
and their interpretation are described. Besides, we
developed the kit of molecular weight markers ap-
plicable in acidic electrophoresis systems which in-
cludes alkaline proteins clupein, cytochrome ¢ and
its oligomers, human immunoglobulins. It permitted
to determine with sufficient accuracy the molecular
weight ranges of chitosan bands.

Materials and Methods

The Kit of reagents for preparation of poly-
acrylamide gel, buffer solutions and Amido black 10
B for staining of electrophoregrams were purchased
from Reanal (Hungary). Ammonium persulfate was
a product of the Angarsk chemical plant (Rf). All
other chemicals were of the analytical reagent grade
quality.

The following chitosan specimens were inves-
tigated: chitosan (Aldrich, USA), “practical grade”
and “low molecular weight grade”; shrimps chitosan
Celox (Medtrade products Ltd., UK) and also from
ChitoPharm (Norway), types L (large), M (medium)
and S (small) (a generous gift from ChitoPharm
company); chitosan Organika (Health products Inc.,
Canada); chitosan “Bioprogress 300” (Rf); chitosan
Tjan-Shi (China). Specimens of chitosan from crab
shells, honeybee corpses and their fragments after
limited hydrolysis were obtained in our laboratory as
described earlier [14, 15]. Fragmentation of chitosan
by limited acid hydrolysis was performed in mild
(0.5 M HCl in 0.5 M acetic acid at 80°C for 1 h) or in
strong (heating of chitosan powder embedded with
HCI for 1 h in a boiling water bath) conditions. Sub-
sequent fractionation of fragments was performed
by GPC using Bio-Gel P-300 (Bio-Rad Laboratories,
USA) or Acrylex P-30 (Reanal, Hungary).

The following stock solutions were prepared
for the construction of step-gradient porosity poly-
acrylamide gels.

1. Buffer A (Buf A): IN KOH 4.8 ml, acetic
acid 1.72 ml, TEMED 0.4 ml, adjusted with distilled
water to 10 mL, pH 4.5.

2. Buffer B (Buf B): 1IN KOH 4.8 mL, acetic
acid 0.75 ml, TEMED 0.4 ml, adjusted with distilled
water to 10 ml, pH 5.0.

3. Acrylamide solution 10% (w/v) (Acrl0):
acrylamide 0.9 g, bis-acrylamide 0.10 g, adjusted
with water to 10 ml. Proportion Acr/bisAcr = 9:1.
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4. Acrylamide solution 30% (w/v) (Acr30):
acrylamide 8.82 g, bis-acrylamide 0.18 g, adjusted
with water to 30 ml. Proportion Acr/bisAcr = 49:1.

5. Acrylamide solution 35% (w/v) (Acr35):
acrylamide 6.72 g, bis-acrylamide 0.28 g, adjusted
with water to 20 ml. Proportion Acr/bisAcr = 24:1.

6. Ammonium persulfate (APS): 1% (w/v)
aqueous solution, prepared ex tempore.

7. Buffer for electrode vessels: B-alanine 3.12 g,
acetic acid 0.8 ml, distilled water to 800 ml, pH 4.5.

Solutions with acrylamide concentrations 2.5,
5.0 and 20.0 % (w/v) were prepared for the construc-
tion of gel type 1 as it is shown in Table 1.

Solutions of layers with distinct concentrations
of acrylamide for resolving gel were prepared by
mixing solutions Acr 20% and Acr 5% in propor-
tions indicated in Table 2. Solution Acr 2.5% was
used for obtaining 3.5% and 2.5% resolving gels.
Volumes of indicated solutions were calculated for
gel dimensions 10.5(w) x 11.5(h) x 0.15 cm, total
volume 18.11 ml.

Resolving gel was prepared by consequent
manual overlaying of acrylamide solutions of dis-
tinct concentration in vertically installed casting gel
mold and left for 8-12 hrs at temperature 18-22°C for
polymerization. Thereafter solution of stacking 2.5%
gel was applied and a comb for sample wells forma-
tion was introduced and left for 8-12 hrs for polyme-
rization. Volumes of solutions were calculated just
for construction of gel with the abovementioned di-
mensions.

In our experiments, we used casting gel mold
made in laboratory using the photographic glass
plates, as spacers were used glass strips of 0.15 cm
thick. The leak of applied solutions was prevented
by clamps and sealing up the camera with a melted
wax composed of three parts of paraffin and one part
of dentistry technical wax. The bottom spacer was

Table 1. Composition of acrylamide solutions
for preparation of type 1 gel with a step-gradient of
acrylamide concentration from 2.5 to 20%

20% Acr 5% Acr 2.5% Acr
solution, ml solution, ml solution®** ml
Buf A 090 | BufA | 1.00 | BufB 0.30
Acr30 4.80 | Acr30 | 1.35 | Acrl0 0.60
Water 110 | Water | 510 | Water 1.20
APS* 0.40 | APS 0.55 | APS 0.30
Volume | 7.20 | Volume | 8.00 | Volume | 2.40

Notes. APS* solution is prepared just before gel con-
struction. **2.5% Acr solution is prepared two times,
firstly, 1.2 ml is used for obtaining of 3.5% acrylamide
layer and the rest (about 1 ml) for application of 2.5%
acrylamide as resolving gel. After gel polymerization (for
6-12 h) 2.5% Acr solution was prepared again and used
for formation of stacking gel with sample slots. Abbre-
viations used in Tables 1-4 correspond to those in the list
of stock solutions

eliminated after polymerization of gel at preparing
the unit for electrophoresis. If possible, commercial
electrophoresis units may be used. The most suit-
able by dimensions are Sigma single gel vertical
electrophoresis units (Cat. No. 2375039, gel dimen-
sions 16.5x14.5x0.15 ¢m; and TV100 mini vertical
electrophoresis unit, Cat.No Z649767-1EA). The pro-
portions of constituents in solutions for preparation
of gel layers ought to be recalculated and adapted to
the volume of the acquired electrophoresis unit.
Solutions for preparation of gel type 2 are
shown in Table 3. There was introduced an addi-
tional 25% w/v acrylamide gel for achievement of
low molecular chitosan fragments resolution. Loose
2.5% and 3.5% acrylamide gels were omitted.
Mixing of solutions for preparation of gel with
gradient of acrylamide concentration from 5 to 25%

Table 2. Mixing of solutions for the construction of the type 1 gradient porosity gel

Layer# | 20% Acr,ml | 5% Acr, ml | 2.5% Acr, ml \f;);l:rr’lin(if (A:(érrlc(o/f)f PrOPt;;?CI:Acr/
1 3.6 0 0 3.6 20.0 50/1
2 24 12 0 3.6 15.0 50/1
3 12 24 0 3.6 10.0 50/1
4 0 3.6 0 3.6 5.0 50/1
5 0 0.8 1.2 2.0 35 35/1
6 0 0 1.2 1.2 2.5 10/1
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Table 3. Composition of acrylamide solutions for preparation of type 2 gel with a step-gradient of acryla-
mide concentration from 5 to 25%

25% Acr solution, ml 20% Acr solution,ml 5% Acr solution, ml 2.5% Acr solution, ml
Buf A 0.60 Buf A 11 Buf A 11 Buf B 0,4
Acr35 3.60 Acr30 4.8 Acr30 12 Acrl0 0.8
Water 0.65 Water 1.0 Water 44 Water 16
APS 0.20 APS 0.3 APS 0.5 APS 0.4
Volume 5.05 Volume 7.2 Volume 7.2 Volume 3.2

is shown in Table 4. They were used for construction
of gel type 2 (a step-gradient of acrylamide concen-
tration from 5 to 25%) by overlaying solutions as it
was described above for gel type 1.

Markers of molecular weight (M,) for
electrophoresis in acidic buffer system were
composed of the following cationic proteins: human
immunoglobulins, isolated by chromatography
on T-gel and containing IgG (150 kDa), IgA
(380 kDa) and IgM (900 kDa) [16, 17], clupein
sulfate, M, 4.40 kDa (Fluka), cytochrome ¢ from
bovine heart, M| 12.3 kDa, (Sigma, USA), and its
oligomers, which were prepared in the laboratory
as described below. To 180 ul of aqueous solution
of cytochrome ¢ (concentration 1.7-2.0% w/v) was
added 20 pl of 1.0 M sodium acetate buffer, pH 5.0,
followed by 25 pl of 2.5% v/v solution of glutaric
aldehyde (final concentration 0.28%). The mixture
was left for 90 min at 20-22°C. The reaction was
stopped by passing the mixture through “Sephadex”
G-25 column (volume 3.5-4.0 ml, height 10-12 cm),
equilibrated with 0.05 M ammonium acetate
buffer, pH 6.0. Concentration of cytochrome
c in the combined eluate was determined by
spectrophotometry taking into account that 0.01%
solution of cytochrome ¢ has OD 0.58 at 400 nm
(optical pass 1.0 cm). The solution was lyophilized
or preserved with 0.04% sodium azide and stored

at 4°C for about 5-6 months. The calibration graph
for determination of molecular weight using the
abovementioned marker proteins is shown in Fig
1. It was based on the interrelation between the
logarithm of molecular weight and the mobility of
marker protein relative to the reference protein, in
our case cytochrome c, its mobility was accepted as
1.0.

Probes of chitosan for electrophoresis were
prepared from chitosan gel which was obtained
by adjustment of chitosan solution (5-10 mg/ml in
0.5 M acetic acid) to pH 8.5 with 5% ammonium
hydroxide. Sediment was collected by centrifugation
and washed with distilled water. Concentration of
solid residue in chitosan gel was determined gravi-
metrically by the weighing of gel aliquot before and
after drying at 105°C. Usually, it was in the range of
2-3%. Working probes were prepared by suspending
20 mg of wet gel in the defined volume of water for
obtaining chitosan concentration 2 mg/ml. Thereaf-
ter 5-7 ul of 1M ammonium acetate buffer, pH 4.5, or
0.5 M acetic acid was introduced for dissolution of
chitosan. Sucrose was added to a concentration 5-7%
(w/v) and thereafter, a small volume of 1% aqueous
solution of methylene blue for monitoring the run-
ning of electrophoresis.

Electrophoresis was conducted in vertically
installed gel. Into wells were introduced 15-20 pl

Table 4. Mixing of solutions for obtaining type 2 gradient porosity gel

Layer # 25% Acr 20% Acr 5% Acr \lfzizlérrl,lin(if CAO(?;;O/?) f izor?&rsifﬁ,
1 5.0 0 0 5.0 25.0 25/1
2 0 3.6 0 3.6 20.0 50/1
3 0 24 1.2 3.6 15.0 50/1
4 0 12 2.4 3.6 10.0 50/1
5 0 0 3.6 3.6 5.0 50/1
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Fig. 1. Calibration graph for determination of the
molecular weight marker proteins in acidic electro-
phoresis system. Enumeration of marker proteins:
1 - 1gM (900 kDa), 2 — secretory IgA (385 kDa), 3 —
1gG (150 kDa), 4 — cytochrome c tetramer (52 kDa),
5 — cytochrome c trimer (39 kDa), 6 — cytochrome ¢
dimer (26 kDa), 7 — cytochrome ¢ monomer (13 kDa).
Points of mean values were calculated at n =8, SD’s
are not visible as being too small

of probes containing 5-20 pg of chitosan. Elec-
trophoresis was conducted at 7-9 mA for 12-14 h
using B-alanine—acetic acid electrode buffer, pH 4.5
(cathode — bottom electrode). Running was stopped
when methylene blue band reached about 15 mm to
the lower edge of gel. Gels were stained with 0.01%
Amido black 10 B in methanol-water-acetic acid
(40:50:10) for 10-12 h, destained during 48 h in 2
changes of the same solvent to a clear background,
the image was taken with a digital camera Canon
A590 IS. Quantitative evaluation of electrophore-
grams and determination of the percentage ratio of
electrophoretic bands were performed with the aid of
the program “Image J”.

Statistics. Quantitative results are presented as
means + SD. The significance of difference between
compared data was analyzed with GraphPad Prism
(version 6; GraphPad Software, La Jolla, Ca, USA)
using Student’s t-test (unpaired t-test with Welch’s
correction). Two levels of significance were used:
*P <0.05 and **P < 0.01.
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Results and Discussion

An example of electrophoregram of selected
chitosan specimens in type 1 gel is shown in Fig. 2.
As it can be seen, all chitosan specimens possess
some quantity of material retained at the start line
and did not migrate even in a staking 2.5% gel. It
corresponds to single or aggregated chitosan chains
of very high molecular weight (over 1.000 kDa),
on electrophoregrams it was signed as peak 1. Chi-
tosan material which migrated in gel was usually
separated into six fractions which were formed due
to the retardation of chitosan with subsequent mo-
lecular weight in six borders between gel layers with
stepwise decrease in size of pores.

The main quantity of chitosan was localized
in 3 fractions (peaks 3, 4 and 5) in the molecular
weight region from 40 to 550 kDa which differed
significantly by percentage ratio in different samples
(Fig. 1, A). Some chitosan specimens, like Chitop-
harm L (large), M (medium) and S (small), missed
low molecular weight chains and showed less num-
ber of fractions. These specimens were subjected to
a more detailed analysis of their electrophoretic plots
(Fig. 3).

Statistical analysis revealed that in sample M as
compared with sample L it was noticed a moderately
significant increase of fractions 4 and 5, and in sam-
ple S was highly significant increase of fractions 4
and 5 with a lower molecular weight (ranges 90-240
and 40-90 kDa) at the expense of a decrease in high
molecular fraction 3 (range 240-550 kDa, Table 5).
It was concluded that specimens of*“Chitopharm”
M and especially S are gradually enriched in poly-
mer chains of lower molecular weight as compared
with Chitofarm L specimen due to a more profound
cleavage of chitin chains during deacetylation pro-
cess by treatment with a strong alkali.

Solutions of high molecular chitosans at con-
centrations 2-3% w/v are highly viscose, which
is inconvenient in their application, especially in
biomedicine. This drawback can be eliminated by
mild acid hydrolysis, which markedly reduces the
viscosity of obtained derivatives. We investigated
changes in molecular weight profile of chitosan after
mild acid hydrolysis. It was revealed, that treatment
of chitosan by 0.5 M HCI in 0.5 M acetic acid at
80°C during 1 h led to a highly significant increase
in content of very low molecular weight fraction 20-
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Fig. 2. Electrophoretic pattern of selected native chitosan specimens in gel type 1 (A) and of low molecular
fragments of honeybee chitosan in gel type 2 (B). Molecular weight scale is shown on the right margin of im-
ages, concentration of acrylamide in %w/v in gel layers is indicated on the left margin at the level of borders
between layers. In A samples are enumerated as follows: “Chitopharm” L (1), “Chitopharm™ M (2), ““Chitop-
harm” S (3), chitosan “Aldrich™ practical grade (4), cytochrome c oligomers (5), human immunoglobulins (6),
chitosan “Organica” (7), chitosan “BioProgress 300", native (8) and after treatment with 0.5 M HCI in 0.5
M acetic acid 1 hr at 80°C (9). B. Electrophoresis of low molecular fragments of honeybee chitosan after its
hydrolysis and fractionation by gel filtration on “Acrylex” P-30 column. Samples numeration. 1. Initial sample
of honeybee chitosan, 2-6 — fractions of hydrolysate eluting consecutively from the column “Acrylex” P-30;
7 — markers of molecular weight: clupein (4.4 kDa), cytochrome ¢ (13 kDa) and its oligomers.

40 kDa at the expense of high molecular fractions,
mainly of fraction 3, decrease (Table 5). Besides,
there was noticed an important decrease in very high
molecular fractions which are retarded in stacking
gel (Fig 2, lane 9). It was suggested, that just these
minor fractions make a significant contribution to
the high viscosity of chitosan solutions and a de-
crease in their quantity after mild acid hydrolysis
leads to the considerable reduction of viscosity.

An example of the application of type 2 gra-
dient porosity gel for monitoring the purification of
honeybee chitosan fragments after more profound
hydrolysis with HCI and subsequent fractionation
by SEC on column of “Acrylex” P-30 is shown in
Fig. 2, B. The introduction of gel layer with 25%
w/v acryl amide concentration and increased cross-
linking was necessary for the achievement of clear

resolution of low molecular chitosan fragments in
the range of 3-40 kDa.

An important feature of the proposed method
of chitosan electrophoresis is application of step-
wise gradient porosity of polyacrylamide gel,
which permits to separate a complex mixture of
chitosan chains into several distinct fractions with
definite limits of molecular weight. This can not
be achieved by the use of uniform polyacrylamide
gel or gels with a continuous gradient of porosity
as in these conditions chitosan migrates as evenly
extended strip without visible peaks due to very high
heterogeneity in DP of polysaccharide chains.

Concerning the application of a modern meth-
od of capillary electrophoresis (CE) in the investi-
gations on chitosan, we met several publications on
determination of chitosan in different cosmetic and
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Table 5. The percentage ratio of electrophoretic fractions in selected chitosans

Bio-Progress

hydrolyzed

Bio-Progress 300

Aldrich (pract.

grade)
28+11

Specimens of chitosan

Chitopharm L | Chitopharm M | Chitopharm S

Limits
of molecular

weight areas
Over 1.000 kDa

Digit of
electrophoretic

fraction

6.4+0.8

69+14
84+28
207 +3.8

32+01
122420
45.8 + 2.1%%|

50+0.2
87+19
58.2+17

39+0.1

79407
18.9 & 1.3%%|

94+12
347+22

4+272

617+2.3
22104
40+01

1-0.6 MDa
550-240 kDa

34.0 £1.5

38121 334+14

240-90 kDa 250+ 1.0*  32.8+ 1.2%%

90-40 kDa
40-20 kDa

19.7 +1.8
13.341.2%%1

13.0+£15 16.7+19

6.2 + 0.3%%1

4.6+ 0.1%

56+14

20+04

Notes. Chitopharm M and Chitopharm S were compared with Chitopharm L, BioProgress hydrolyzed with BioProgress 300 native. Significance of differences:

*P <0.05, **P <0.01,n

4. Arrows indicate the direction of changes
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Fig. 3. Electrophoretic plots of three types of “Chi-
topharm™ chitosan samples. A — “Chitopharm”L
(lane 1 in Fig. 2, A); B — “Chitopharm”M (lane 2
in Fig. 2, A); C — “Chitopharm”S (lane 3 in Fig. 2,
A). Dashed lines mark limits of peaks in quantitative
analysis

pharmaceutical preparations [18-20]. The chitosan
as a polycation with a high positive charge exhibits
the highest electrophoretic mobility in free aqueous
solutions and migrates in the leading peak. As for
the efficiency of CE for determination of heterogene-
ity in DP in the whole population of chitosan chains
in the specimen, we found no reports. On the other
side, it was communicated the usefulness of CE for
determination of the DDA of chitosan chains due to
minute differences in charge in special conditions
[4, 5].

The resolution of chitosan into fractions ac-
cording to differences in DP permits to determine
an important characteristic of sample heterogeneity
defined as polydispersity index (PDI). At present,
it is determined by HP-SEC, for which a high ex-
pensive equipment and special requirements for the
analyte are expected [10-12]. The proposed method
of electrophoresis can be considered as alternative to
the HP-SEC method. The comparison of PDI values
obtained by electrophoresis and the referred data ob-
tained with HP-SEC is under investigation.
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Conclusion. The method of electrophoresis of
chitosan in the step-gradient porosity of polyacryla-
mide gel was developed. This method permits to
characterize the molecular weight profile of polymer
chains in chitosan specimens. The method is also ef-
fective in monitoring the isolation of chitosan frag-
ments by SEC in a range of molecular weights from
3 to 400 kDa.
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Xiro3aH € OIOCYyMICHUM 1 3JaTHUM JIO
Olozmerpanaiii nmpupogHUM OlomoIiMEpOM, SKHI
IITUPOKO 3aCTOCOBYETHCS Y PI3HUX Taly3siX 010JI0Ti1,
MEIUIMHY 1 Qapmartii, mpoTe Horo OioyoriyHa Juist
CYTTEBO 3aJICKUTH BiJl CTyneHs noiimepusaii (DP)
Ta cryneHs aeanetuiaoBanas (DDA) momiMepHUx
naHiorie. O1iHKa JaHIIOTIB XITO3aHY 32 MMOKa3HH-
koM DP notrpe0Oye 3acTocyBaHHS BApTICHOTO METOTY
BUCOKOC()EKTHBHOI EKCKIIIO3iHHOT xpomaTorpadii
(HP-SEC). Meroro Hamoro IOCIiKeHHs OYyJIo
BU3HAUYEHHS MPOQiI0 MOJEKYISIPHOI Macu 3pa3KiB
XiTO3aHy HUISIXOM eJIeKTPOodOope3y y CTYIIiHYaCTOMY
Ipagi€HTI TMOPUCTOCTI MOJIaKPHUIAMIAHOTO TeJIo,
a TAaKOX OIliHKa €(PEKTUBHOCTI LILOIO METOIY JJIst

MOHITOPHHTY OYMILIEHHsSI (ParMeHTIB XiTO3aHy
i foro moximHMX. 3acToCyBalu 2 THINH TeJiB i3
CTYMIHYACTUM TPATIEHTOM MOPUCTOCTi: 1) rempb i3
nrapamMu akpwiaMmiay KoHneHtpauii 2,5; 3,5; 5,0;
10,0; 15,0; 20,0% w/v mJisi HATUBHOTO XiTO3aHy 200
HOro BUCOKOMOJIEKYJISIpHUX (parMeHTiB; 2) Telb i3
niapamMu akpuiaMmiay konueHtpanii 2,5; 5,0; 10,0;
15,0; 20,0; 25,0% w/v misi HU3bKOMOJCKYJISIPHUX
¢parmenTiB xiTo3any. [lepeBaskHa KiJIbKiCTh MOJIe-
KyJ1 13 yJly XiTO3aHY JIOKaJIi3yBaJiach y reji Tumy 1
y obuacti 550-40 k/la Ta po3noaiIsIack Misk TphOMa
OeHaaMH, SIKi y pi3HUX 3pa3Kax 3HaYHO BiJIPI3HSIINCH
3a BIJICOTKOBUM cHiBBiHOMmEeHHsAM. EnekTpodopes
(dparmeHTiB XiTO3aHY, (ppakiiOHOBaHUX i3 JOMO-
MOTOI0 TeIb-TIPOHUKHOI XpomaTorpadii, 3abdesme-
YyBaB YiTKE PO3IiJICHHS (PparMeHTiB CeperHbOol
Mmonekyisipaoi macu (50-400 x/la) y rem tumy 1
Ta HU3bKOMOJEKYJsipHuX (parmentiB (3-40 xa)
y reni tuny 2. OTxe, po3po0JICHO METOHI EJeK-
Tpodope3y XiTO3aHy Yy CTYMIHYACTOMY TI'Pai€HTI
MOPUCTOCTI  TOJIAKPUIAMITHOTO TEeJ0,  SIKHH
JIO3BOJISIE OXApaKTEePU3YBAaTH MOJCKYISPHY Macy
MOJIIMEpHUX JIAHLIOTIB y 3pa3Kax XiTo3aHy, a Ta-
KOK € e(QEeKTHBHHUM Y MOHITOPHHTY OYMIICHHS
(bparMeHTIB XiTO3aHY 3 MOJICKYJSPHOK Macow B
miama3oni Bix 3 10 400 x/la, oTpuMaHUX METOIOM
reIb-TIPOHUKHOIT XpoMaTorpadii.

KnodoBi clioBa: XiTO3aH, BHU3Ha-
YeHHSI ~ MOJIEKYJISApHOI  MacH, eJeKTpodopes,
MOJIiaKpUJIAMiTHUH Telb, CTYNEHEBUU TPAI€HT
MOPUCTOCTI.
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