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Physicochemical characterization of clinical dextran samples 
of Yugoslav ·production was made and the results were compared 
with the specifications of clinical dextrans produced in other 
countries. Measurements of .optical rotation, density, viscosity 
and light scattering were undertaken, and the kinetics of the 
alkaline iodine oxidation was analysed. The experiments were 
performed on unfractionated clinical samples and both low and 
high 100/o fractions . For the purposes of routin_e determinations of 
molecular weight a relation between 1['P] and Mw was given. It is 
valid for unfractionated clinical samples. produced in the same way 
and having Mw in the range from 65,000 to 95,00Q. From our data it 
could be concluded that Yugoslav clinical dextran belongs to tbe 
group of clinical dextrans with lower molecular weight (Swedish 
and U. S. dextran) .. 

INTRODUCTION 

In the past 20 years clinical dextran solutions have been used with much 
success as plasma expanders 1' 2 • After the pioneering work of the Swedish 
investigators Gronwall and Ingelman, resulting in the industrial production 
-of clinical dextran, in many countries extensive studies of dextran properties 
have been made and the productiion of dextran has been started. Similar efforts 
have also been made in Yugoslavia3• 

Clinical dextnan is a product of hydrolytic cleavage of native dextran 
synthesized by microbial fermentation of sucrose. Chemically it is a poly
glucose with different chain branching and a very broad distribution of 
molecular weights. The properties of dextran depend on the production pro
cedure, i.e. on the type .of microorganisms, on the conditions of fermentation 
and on the processes of hydrolysis and fractionation 1•2 •4 • Jin view of this, a 
direct correlation of the properties of dextrans of different origin may not be 
permissible. For this reason it was of interest to undertake a study of the 
physicochemical properties of clinical dextnan of Yugoslav production. This 
work was limited to investigating those properties that are necessary in 
characterizing the dextran 1in terms of molecular size, i.e. light scattering, 
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viscosity, fractionation, and alkaline iodine ox~dation. In addition, certain 
analytical data (density, optical rotation) were also obtained. 

EXPERIMENTAL 

Materials 
The samples of clinical dextran were produced by the Dextran Research 

Laboratory, Novi Sad, Yugoslavia (manufacturer's code PVTD). This dextran was 
produced by a strain of Leuconostoc mesenteroides (Strain No. V) 3• The samples are 
used as obtained from the manufacturer without further purification. 

All the samples were stored at + 20 C in glass bottles with ground glass 
stoppers. Under such conditions the .samples contained about 7.50/o by weight oi 
water as determined by drying in vacuum at 110° C in the presence of phosphorus 
pentoxide. The mean value of several determinations of ash was 0.0440/o of inorganic 
residue in the original sample. This was obtained by combustion of 1--2 g.. of the 
dried sample. Nitrogen was determined by the micro-Kjeldahl method. To 1 g. of 
dextran sample 10 ml. of a 300/o solution of hydrogen peroxide was added to destroy 
carbohydrate, and the solution was kept on a water bath until all liquid evaporated. 
Then the dry residue was digested with sulfuric acid and catalyst iu the usual 
way. The mean values of several determinations of two typical samples were 
0.0025 and 0.0028 g. of nitrogen per 100 g. of dextran respectively. 

Solutions 
Dextran PVTD is only slightly soluble in cold water, in contrast to some other 

types of dextran described i:n literature5- 8 •• As the most convenient way of preparing 
solutions without aggregates the following procedure was adopted : Small portions 
of powdered dextran were added into the boiling redistilled water. Then the solution 
was kept in a water bath at the temperature of boiling for 2 hours. After cooling 
the solution was filtered into a volumetric flask, water was added to the mark and 
the solution stored in a refrigerator to prevent the growth of microorganisms. The 
amount of solution prepared was usually such as to allow experimentation for 
several days. During this time microorganisms did not appear. If the 2-hour boiling 
was omitted, the solution was remarkably turbid indicating incomplete dissolving 
of the polymer. 

The concentration of dextran solutions was determined gravimetrically. Aliquots 
of the solution were evaporated on a water bath and the residue was dried in a 
vacuum oven at 110° C in the presence of phosphorus pentoxide for 16-24 hours. 
Since the impurities of inorganic and proteinic nature can be neglected in view of 
the above given data, and since the water residue in the samples dried under 
similar conditions but without phosphorus pentoxide9 does not exceed 0.350/o by 
weight, this appears to be the best and most reliable method for the determination 
of concentrations. The relative error of the concentration data depended upon the 
volume of the aliquots and varied in routine work from 0.5 to 1.00/o, satisfying the 
requirements of other experimental methods. 

Methods 
a) Optical rotation. - Measurements of optical rotation were made by means 

of a Keston Standard Model D ·polarimetric unit attached to a Beckman Model DU 
spectrophotometer. The device was calibrated with standard sucrose solutions for 
several wavelengths at room temperature, and the :mgles of rotation a were 
determined using the formula10 : 

o. = K tanh (0.576 D) (1) 

where K is the calibration constant, and D is the apparent optical density obtained 
as the spectrophotometer reading. 

b) Viscosity. - Viscosity was measured by use of a Cannon-Ubbelohde dilution 
viscometer at (25.00 ± 0.01)° C. The kinetic energy correction was determined by 
measuring the flow time of redistilled water at 20, 25 and 30° C. 

Densities of dextran solutions relative to water were determined using a flask 
pycnometer1' at (25.00 ± 0.02)° C. 
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c) Light scattering. - For light scattering measurements an improved Oster
-Aminco photometer12 was used. To achieve greater stability of both the electranic 
part and the light source the photometer was connected to a »Philips« Model 
PE 4222 electronic voltage stabilizer. The measurements were carried out as before13, 

and the photometer was calibrated with »Ludox« colloidal silica and benzene'3 • 
1 1

. 

The outer back face of the semioctagonal cells was blackened to eliminate stray 
reflections of light on cell walls. Dextran solutions were filtered through Millipore 
HA filters , and a twofold filtration usually assured good optical condiEons for light 
scattering work. The water used in these experiments was obtained by redistillation 
from a special apparatus, similar to the one described in literature15, which produces 
water as dust-free as possible. 

d) Fractionation. - Separation of extreme fractions (low and high 10°/o fractions) 
was performed by u sLng the fractional precipitation method. The precipitation was 
carried out by the addition of absolute ethanol to 60/o water solutions of dextran 
at constant temperature of (25.00 ± 0.02)° C. 

The procedure tried first was a modified fra ctional precipitation developed 
by Weissberg16• From a dex traai solubility curve obtained by stepwise addition 
of ethanol and further determination of the amount of precipitated polymer 
it was possible to obtain information on the amount of ethanol required for 
the precipitation of extreme fractions . First 100/o of the high fractions were preci
pitated and this high molecular weight fraction was separated by centrifugation 
Then ethanol was added to precipitate the further 800/o of the polymer and after 
centrifugation the remaining 100/o of the polymer with low molecular weight mole
cules were isolated. 

In order to avoid centrifugation, which led to a loss of polymer material, part 
of the fractionation work was carried out in an apparatus described by Hall17• 

e) Alkaline iodine oxidation. - The possibility of clarifying some points in the 
procedure of L<i_cko and Ma.lek3 ' , 32 for the determination of number-average mole-
cular weights, Mn, of dextran was investigated. The method is based on the deter
mination of the aldehyde groups content of dextran (end groups) by means of 
measuring the amount of iodine consumed by an alkaHne dextran solution (the 
so-called hypoiodite method). Essentially the procedure of Lacko and Malek was 
followed with modifications that will be described under Results. 

RESULTS 

Measurements of optical rotation were made for several wavelengths 
(lines of the sodium vapor and m ercury arc) in the concentration range 
0.2-1.2 g. of dextran per 100 ml. of solution at room temperature. Table I 
gives data on specific rotations [a] at several wavelengths for two different 
dextmn samples. 

TABLE I 

Specific Rotation [ o.] at Several Wavelengths of Light in Vacuum 

/.. 0 (m~t) 

Sample 589 578 546 436 

II + 194± 2° -1-209 ± 5° + 232±7° + 382±5° 
III + 195±3° + 212+3° + 228±5° + 379±5° 

Limiting viscosity numbers (or intrinsic viscosities) [YJ] were determined 
by extrapolation of functions YJra or ln 11../C vs. concentration to zero concen
tration. Here YJra is the viscosity number defined as lJ rd = Y]sp/C, where YJsp = 
= Y],. - 1, 11,. '= ri/ri0 , ri is the viscosity of solutiion, YJ o the viscosity of solvent, 
and C is the concentration in g. per 100 ml. of solution. Both plots gave 
straight lines allowing simple extrapolation procedure and intercepting in the 
same point within the experimental error. The unit of [11] is g.-1dl. ( = g.- i.100 
ml.l . Fig. 1 shows a typioal plot of lJrd or ln ri..IC vs. C. 
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The densities necessary for calculation of viscosity ratios were determined 
in solutions at several dextran concentrations. If density is expressed as relative 

density, g~5 
, the relation, calculated by the least squares method, obtains the 

form 
25 

Q 1 = 0.99707 + 0.00395 C. (2) 

Weight average molecular weights, Mw, were evaluated from light scat
tering data using the well known Debye formula 19 

1 
M1v = --

H (c/T) 0 

(3) 

where H = (32 rr3/3Nr1 /,0
4) n 0

2 (dn/dc)2, NA is Avogadro's number, n 0 the refractive 
index of the solvent, dn/dc the refractive index increment, T the excess 
turbidity (turbidity of the solution d iminished by the turbidity of the 

CLINICAL DEXTRAN PVTO 

0.35 

0.30 

ln ClJ~ICJ 

0 25 

0 05 1~ 1.5 

C Cg./100 m!J_ 

Fig. 1. Typical plots of 'led and ln 1Jc/ C vs. C. Extrapolation to zero cor.centration gives 
[11] ·in ,g.- 1 di. 

solvent) and c is the concentrat1on in grams of the polymer per gram of 
solution. The index ,zero denotes ch-values extrapolated to zero concentration. 
Extrapolations were undertaken on c/ I' 9 ~ versus c plots where I' 00 is the 
galvanometer reading at the detector position at 90°. After dividing (c/ I' 90)c 
by an appropriate calibration constant 1 ~ C' values of (c/i:) 0 were obtain ed 
A typical plot of cit vs. c for wavelengths 546 and 436 m~l is shown in 
Fig. 2. 

Corrections for dissymmetry were not necessary because the molecular 
weights lay in the range where theoretical dissymmetries practically did not 
differ from unity. In experimental work it was very difficult to obtain 
dissymmetries lower than 1.05 even if the solutions were very carefully 
clarified. The v·alues of dissymmetry varied from cell to cell indicating the 
existence of stray reflections on the cell waUs which could not be completely 
eliminated by blackening the back face of the cells. 

The values of H were calculated using our previous data20 on dn/dc of 
dextran obtained with a Rayleigh-Haber-Lowe interferometer. These data 
were verified recently on a Brice-Phoenix visual differential refractometer, and 
the same results were obtained within the experimental error. The values 
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Fig, 2. Typical plots of cf , vs. c for wavelengths 546 and 436 mµ. 
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of H = 2.41·10-6 and 6.30 · 10-6 for 546 and 436 mµ , respectively, were obtained. 
The differences between the molecular weights obtained at 546 and 436 mµ 
were usually not greater than 50/o, but never exceeded 10°/o, i.e. they lay 
within the limits of the experimental error. 

A summary of data on optical rotation, molecular weights from alkaline 
iodine oxidation and light scattering, and viscosity of three samples of clinical 
dextrian is given in Table II. These samples were of different date of pro-

TABLE II 

Specific Rotations at Sodium D-Line, [a]n, Molecular Weights Obtained by Alkaline 
-- -

Iodine Oxidation, Mn, and Light Scattering, Mw. and Limiting Viscosity Numbers, [11], 
for Several Samples of Clinical Dextran 

Sample 
I 

II 
III" 

[a]n 

+ 194 ± 2° 
+ 195 ± 3° 

a) Manufacturers No. 14/1961. 

Mn 
43,800 
57,200 
48,000 

Mw 
88,200 

83,300 ± 4,000 
86,000 ± 2,200 

[11] (dl. g.- 1) 

•),265 
0,263 ± 0,004 
0,24fl ± 0,003 

duction, ·Samples I and II were produced 1in the same way, the production 
procedure of sample III was somewhat different21 • Where a greater number 
of data was available, a statistical analysis was undertaken. The experimental 
error was estimated as standard deviation. 

In the specifications of clinical dextran it is usual to give also molecular 
weights of extreme 10°(() fractions of the whole sample. From the solubility 
curve of dextran iin the mixed water-ethanol system given in Fig. 3 it follows 
that the high 100/o fraction was precipitated 0t the ethanol concentration of 
37.8-37.90/o by volume at 25.00° C if the initial concentration of dextran 
before fractionation was 6.0 - 6.2 g. per 100 ml. of solutiion. The low 100/o 
fraction was precipitated at 44.6-44.80/o of ethanol at the same temperature 
and the same concentration of dextran. Determinations of M w of these 
fractions by light sc~ttering gave data listed in Trable III. The fractions did 
not contain exactly 100/o of polymer material, especially in the case of high 
fractions. It is obvious from the shape of the solubility curve, which is very 
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steep in the high fraction region, that it would be extremely difficult to 
achieve everytime cut-off at exactly 100/o -of the polymer. A flatter so1ubility 
curve can be obtained by decreasing the whole polymer concentration, but thiJs 
would require large volumes of solution in order to obtain the same quantity 
of the fractionated polymer. Riddick et al.~ showed that precipitation from 
more dilute solutions did not apparently cause differences in molecular weight 
of foactions in comparison with the precipitation from more concentrated 
solutions. This justifies our choice of fractionating more concentrated solutions. 

> ., 

100 

CLINICAL OEXTRAN PVTO 

'I 75 

J 
~ ~ ~ ~ ~ 

ETPANOL AOOEO . 'II. VIV 

Fig. 3. Solubility curve of dextran in the mixed water - ethanol system at 25.00' C. 

TABLE III 

Molecular Weights of Low and H igh 10°/u Fractions of Several Sa.mples 
of Clinical Dextran 

Sample Low Fraction High Fraction 
O/o by weight M w "lo by weight Mw 

I" 9.6 28,500 10.8 294,000 
II" 14.3 29,500 11.6 240,000 

III" 10.0 22,000 10.0 156,000 
a) Obtained by the fractio,nation of 10'/o low and high fractions 
b) Obtained from the fractionation curve22 

In order to check the uniformity in physicochemical cheracteristics of 
successive batches from current production of dextran, prepared under identi-
cal conditions, we measured Mw and [11] in a series of dextran samples 
produced during a certain period of time. These data are presented in 
'I1a.ble IV. 

Since in the procedure of Lacko and Malek the amounts ·Of dextran needed 
for alkaline iodine OXlidation were very large, requiring several grams of 
dextran i or one molecular weight determination, we first attempted to 
establish v1'.1ether it would be possible to reduce the quantity of dextran needed 
in a run. This point is of particular importance if one wants to apply this 
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method of M 11 determination to a series of fractions, the supply of which 
is usually rather limited. One typical run is represented in Fig. 4. The way 
of expressing the results and the notation are those of Lacko and Malek. 
Mp = 200 G/ (T0 -T), and P = T0 / (T0 -T), where G is the amount of dextmn 
(in mg.), and T0 and T stand for the number of ml. of Na"S"0 3 solution consumed 

TABLE IV 

M w and [11] of Dextran Batches from the Same Production 

Sample Mw [1']] (dl. g.- 1) 
413/414 89,900 0.272 
415/416 93,800 0.277 
417/418 69,800 0.247 
419/420 78,800 0.263 
4211422 76,400 0.262 
423/424 70.500 0.254 

- 1st Run CLINICAL DEX TRAN 
---·2nd Run 20min. - 3rd Run c lOxsmaller VOil.111e J 2s· c 

i 
~ 
4.40 

OJ 0.2 0.3 0.4 
log P 

F ig. 4. Typical plots of log Mr v s. log P obta ined from three runs in the sam e cli n ical dextran 
sample ; reaction time : 20 min . 

in the titration of iodjne in a mixture wlithout dextran present (blank, T,,) 
and w.ith dextran in the mixture (T) . The results refer to three independent 
runs with the same sample of dextran (Sample I) . In two runs the conditions 
were identical , following the procedure of Lacko and Malek rather faithfully. 
In the third run the amount of dextrian 1in the titration was decreased ten 
times with respect to the first two runs. Al-though there were rather great 
differences between the intercepts on the (log M p)-axis, th e data apparently 
gather about the same str aight line taken as a first approximation for the 
functional dependence of Mp vs. P. In our work the dispersion of extrapolated 
M11 data (Mp at P = 1; see the papers by Lacko and Malek~ 1 · 32 ) varied in the 
range .of 10 to 200/o. 

The reaction time recommended by Lacko and Malek was 20 . minutes (the 
same ts valid for the data in Fig. 4). Since they did not give any reason 
for choosing this iparticular time at which the oxidation reaction was 
stopped (by acidifying the solution), we have conducted a few kinetic runs, 
in which the consumption of iodine [expressed 1in terms of T 0 / (T0 --T) Gl was 
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measured as a function of time. For the run represented in Fig. 5, 1.5 ml. 
of 4.570/o stock dextran solution ( = 0.0685 g.) were diluted to 4.0 ml. with 
water, and 1.0 ml. each of 0.01 N 12 and 1.0 ml. 0.1 N NaOH were added. The 
mixture was kept in a small Erlenmeyer flask with a griound glass stopper at 

100,.,-----~---,....-----------~ 

15 

... ,~ 0 

~ 
so 

25 

100 125 

Fig. 5. Time dependence of To/(To - T) G. 

(25.0 ± 0.1)°C in a water-bath thermostat. The reaction was stopped after a 
predetermined time by adding 0.5 ml. of 1.0 N H 2SO,, and the unconsumed 
iodine titrated by means of a 1 ml. burette with 0.01 N Na2S 20 , and with starch 
as indicator. For every reaction time (from 1 minute to 2 hours) a separate 
solution was used. The time of the reaction was taken as the time elapsed 
from the moment of delivery of the last drop of NaOH until the first drop 

4B,....---~--...,....,J-.O-m-l---,..-CL-l-Nl_CA_L--OEXTRA~--N-~~~20"'-'•'-1n-.-----. 

'2:5ml (C•4.n96l ~fa: 
47 /: 25· ~ ® 50 ' 

fa " 2.0 ml • 60 " 

.•. @ /ism1 

/ 

20 and JO min . 

4.J 

4.1 
+-~-~--'02---"---~0~4----0~6~----~oe ____ __,10 

109 p 

Fig. 6. Plots of log Mp vs. log P for different ~eactLon times 
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of H 2S04 was added. The points in the diagram refer to several independent 
runs under identical conditions. There seems to be no systematic difference 
among them. These kinetic experiments were performed with varying amounts 
of dextran in solution, and the results are plotted in Fig. 6 in a manner 
analogous to that of Fig. 4. By inspectin:; the results of Figs. 5 and 6, one 
arrives at the following conclusions: (ll 'f'he data corresponding to 20 or 30 
minutes as the reaction time should be preferred s,ince they are leading to 
straight lines in the log Mp versus log P plots . (2) One should. avoid the 
conditions leading to low va1ues of P, i.e ., the use of too large amounts of 
dextran, or to small values of T compared to T., (the blank value) . At small 
values of P, the points appear to deviate from the straight line even for 
20 minutes. The same deviations at small P are noticeable in some of the 
results of Lacko and Malek. (3) The points corresponding to different times 
of reaction for the same amount of dextran appear to be on a straight line in 
the log Mp versus log P plot. Although at the present we do not know how 
significant this observation might be, it seems to be desirable to explore this 
point in more detail, particulary in terms of an analysis of the kinetics of the 
reaction under discussion. 

DISCUSSION 

Many authors have determined specific rotations of dextran in order to 
employ this simple method for the determination of dextran concentration in 
solutions. In Table V data from literature are collected. From data in 
Tables I and V it is evident that the specific rotation of dextran varies for 
the samples obtained by different strains of microorg1anisms, as observed 
earlier4

•
18

, although the differences could probably be, in part, explained by 
the uncertainties ,in the determination of c'oncentration. 

In the litemture there are two relations for the density of dextran 
solutions vs. concentration. Snyder et ai. 1s reported the relation 

Q20 = 0.99717 + 0.00398 p + 0.000016 p 2 (4) 

where p is the concentration in g. per 100 g. of solution, and Graham23 gives 
the expression 

Q25 = 0.9976 + 0.00393 c. (5) 

Since the densities at zero concentration are densities of pure water, the 
intercepts of both relations differ from the exact value of water by 0.1 O/o and 
0.050/o in the case of relations (4) and (5) respectively. Our relation (2) gives 
much closer values for the density .of water, but both relations (4) and (5) 
are useful for viscometric work. In our viscosity experiments the precision of 
time measurement amounted to 0.1 O/o, so that a similar error in density can 
be tolerated. 

For the purpose of cl inical use, dextran samples must meet specifications 
which require that some properties, as molecular w eight and polydispersity, 
are constant within certain limits. In several countries such specifications are 
issued, and are collected in Table vr.u Additional specifications refer to the 
purity requirements, e.g. the content of ash should be lower than 0.80/o and 
the content of nitr.ogen lower than 0.0150/o. In Table VII we collected for the 
purpose of comparison with our results the properties of those commercially 
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produced clinical d extrans for which it was possible to find the data in the 

literature. 

TABLE V 

Specific Rotations of D extran in Water 

Authors 

In gelman 
Sn y d e r et al. 

Snyd er et al. 

Senti et til. 

W o 1 ff et al. 

W o 1 ff et a.L 

W o 1 ff et al. 

Gran at h 

Gran a th 

R i d di ck et al. 

Czechowska 
et al. 

C h e r n y a k and 

Ref. 
Production 
:md Strain 

Tempe 
rature 

oc 

26 Swedish 20 
18 U.S.A., 20 

Different 
18 U.S.A., 20 

NRRL B-512 
7 U.S.A., 25 

NRRL B-512 
27 U .S.A., 25 

NRRL B-512 
28 U.S.A., 25 

NRRL B-1254 
28 U.S.A., 

NRRL B-742 
25 3wedish, 

NRRL B-512 
Pharm acia 

25 ;}erman, 
A-179 

9 U.S.A., 
NRRL B -512 
Polish 

29 
U.S.S.R., 

25 

20 

20 

25 

20 
P o 1 u s h i n a 30 

Vavr a and 
Vavra 3 

Yugoslav, 
No. V 

20 

TABLE VI 

[a] degrees ( + ) 

589 m).\ 

194 
194.6 -

211.0 
192±2 

200 

199±1 

198 

210 

199 

206.7 

184.2 -
195.2 

Hl9.3± 
± 1.8 

198.0± 
±0.5 

546 m~L 

235 ± 1 

235.67 

Concen
tration 
Range 

g./100 ml. 

1 

0.5-1.0 

0.5- 1.0 

0.7-15.1 

6 

American, British and Swedish Physicochemical Specifications for Clinical 
D extran 

Whole polymer, Mw 
100/o high fractions ,_Mw 
100/o low fractions, M w 
Whole polymer, [11] 
100/o high fractions, [r1] 

P.s.A.• 

75,000 ± 15,000 
.;;:; 200,000 
): 25,000 

0.255 ± 0.035d 

a) U . S. M.ilitary Medical Purchase Descripbon , 1954; 
quoted by Squ[re et. ai., reJI. 1, p . 57. 

bl Min istry of Health Specifi cation, 1954 ; 
quoted b y Squire et. ai. , r ef. 1, P. 57. 

c ) Quoted b y Gronw all, ref. 2 p . 50. 
•> [11] 1in doL g.-1 at 250 C. 
•l l'll in di. g.·t at 370 c. 
o Tempe rature not specified . 

Great Britain" 

0. 32 ± 0.03• 
< 0.53. 

Sweden' 

80,000 ± 10,000 
.;;:; 200,000 
): 25,000 

0.21- 0.27 ' 



T
A

B
L

E
 

V
II

 

P
h

y
s
ic

o
c
h

e
m

ic
a

l 
P

ro
p

e
rt

ie
s
 
o

f 
S

e
v
e

ra
l 

C
li
n

ic
a

l 
D

e
x
tr

a
n

s
 

W
h

o
le

 p
o

ly
m

er
, 

M
w

 

W
lh

ol
e 

p
o

ly
m

er
, 

M
n 

10
°/

o 
h

ig
h

 f
ra

ct
io

n
s,

 M
w

 

10
0/

0 
lo

w
 

fr
ac

ti
o

n
s,

 
M
,
~
 

W
h

o
le

 
p

o
ly

m
er

, 
[11

] 

10
-0

/o
 h

ig
h

 f
ra

ct
io

n
s,

 
['Y

]] 

10
0/

o 
lo

w
 f

ra
ct

io
n

s,
 

['Y
]] 

S
p

ec
if

ic
 

ro
ta

ti
o

n
, 

[a
] 

D
eg

re
e 

o
f 

b
ra

n
ch

in
g

<"
>

 

B
ri

ti
sh

 
(1

95
3)

 
(a

) 

-

90
,0

00
 

- -
0

,3
2

-0
,3

7
 

2
0

2
-2

0
8

0
 

0.
1

-0
.2

 

I 

B
ri

ti
sh

 
(1

95
4)

 
(b

) 

17
0

,0
0

0
-2

5
0

,0
00

 

8
0

,0
0

0
-9

0
,0

0
0

 

- -

0
,3

2
-0

,3
7

 

1
9

8
-2

0
2

0
 

0
.0

5
-0

.1
 

(a
),

 
(b

}
, 

(e
),

 
(f

) 
C

it
e
d

 
b

y
 

S
q

u
ir

e
 

et
. 

ai
.,

 
re

f.
 

1
, 

p
. 

20
 

(c
),

 
(d

),
 

(g
) 

C
it

e
d

 
b

y
 

J
o

n
e

s 
a
n

d
 

W
il

k
ie

, 
re

f.
 

33
 

I I I I 

B
ri

ti
sh

 
"I

n
tr

a
d

ex
« 

(c
) 

13
5,

00
0 

30
0,

00
0 

30
,0

00
 

(c
) 

P
ro

d
u

c
e
d

 
b

y
 

G
la

x
o

 
(C

a
n

a
d

a
) 

L
td

..
 

a
n

d
 

G
la

x
o

 
L

td
.,

 
E

n
g

la
n

d
. 

(d
) 

P
ro

d
u

c
e
d

 
b

y
 

P
h

a
rm

a
c
ia

 
L

td
.,

 
U

p
p

sa
la

. 
(g

) 
P

ro
d

u
c
e
d

 
b

y
 

C
o

m
m

e
rc

ia
l 

S
o

lv
e
n

ts
 

C
o

rp
.,

 
T

e
rr

e
 

H
a
u

te
, 

In
d

ia
n

a
. 

(h
} 

D
e

fi
n

e
d 

a
s 

th
e
 

fr
a
c
ti

o
n

 
o

f 
n

o
n

-n
(l

,6
)
-g

lu
c
o

si
d

ic
 

li
n

k
a

g
e

s.
 

S
w

ed
is

h
 

,,M
ac

ro
d

ex
«

 
(d

) 

82
,0

00
 

16
5,

00
0 

27
,4

00
 

0,
26

0 

0,
35

5 

0,
16

7 

A
m

er
ic

an
 

(1
95

2)
 

(e
) 

75
,0

00
 ±

 25
,0

00
 

0
,1

8
-0

,2
8

 

1
9

8
-2

0
0

° 

0.
05

 

A
m

er
ic

an
 

A
m

er
ic

an
 

(1
95

4)
 

o,E
x

p
an

d
cx

'<
 

(f
) 

(g
) 

70
,0

0
0

-
80

,0
00

 

5
0

,0
0

0
-

60
,0

00
 

0,
1

8
-0

,2
8

 
I 

1
9

5
-1

9
8

° 

0.
05

 

77
,0

00
 

16
8,

40
0 

28
,4

00
 

0,
21

9 

"d
 ::r: ><:
: ~
 

0 0 0 ::r: M
 
~
 

H
 0 :i>

 
t-<

 
[/

J >-'
! c:: tJ
 r;; [/

J
 

0 'T
l tJ
 

M
 
~
 

>-'
! ::u :i>
 z t-.

:i w
 



24 M. ZEBEC ET AL. 

From our results obtained with the samples produced in the same way 
(Tables II, III and IV) with the exception of sample III (No 14/ l!J61), it can 
be seen that Mn for the whole polymer varies in the range from 43,000 to 
58,000, Mw from 70,000 to 94,000 and [11] from 0.24 to 0.28 dl.g.-1, so that 
the dextran of Yugoslav production has characteristics similar to those of 
the group of clinical dextrans with lower molecular weight (Swedish and 
U. S. dextran). However, Yugoslav dextran is m ore polydisperse, since the 
M w in the high 100/o fractions is higher than listed in the Swedish and U. S. 
specifications. 

Sample III was produced in a different way involving the cutting off 
of higher molecular weight fractions. In this way .a sample was obtained 
with a distribution shifted to lower molecular weights, as the data in Table III 
demonstrate. 

By u sing the method of periodate oxidation Pavlovic and Trpinac24 found 
that Yugoslav clinical dextran contained 94.20°/i; of a (1 ,6) linkages (the 
average value of all determinations carried out by two methods). This indicates 
that Yugoslav dextran belongs to the group of dextrans with a small degree 
of branching25• 

Lacko and Malek compared the number-average molecular weights, M 11 , 

for several dextran fractions, .as determined by means of osmotic pressure 
measurements and the hypoiodite method. Good agreement was obtained in 
the molecular weight range from 21 ,000 to 50,000 (M,,) . Since molecular weight 
determination by means of osmotic pressure measurements is a tedious and 

5.0 

4 .9 
): 

ll: 

g'u 

4 .7 

CLlNICAL DEXTRAN PVTD 
o SAMPLES 413 -426 
o SAMPLE I 

4.6L-------'------~ 

2.3 2"' 2.s 

log 1000[~) 

Fig. 7. Plot of log M w vs . log 1'000 [11] for different s amples of clinical dextran. 

time-consuming technique fraught with many pitfalls, the hypoiodite m ethod 
seems to be preferable one when the degree of branching is low (otherwise 
the method will give too high an aldehyde content due to the presence of 
end-groups in the branch chains), although its precis,ion ·i s not high. 

It is of great practical value to correlate the data of Mw and [11] obtained 
with several unfractionated samples from current production, since this facili-
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tates routine molecular weight determinations. Plotting the data given in 

Tables II and IV on a log Mw vs. log 1000 ['r1] diagram a linear correlation is 
obtained as shown in Fig. 7. The point corresponding to sample III deviates 
from this line, which can probably be explained by the absence of higher 
molecular weight fractions and the presence of lower molecular weight 
fractions (possibly up to glucose units) as indicated by the results in Tables II 
and III. By analysing the deviations of data from the best line obtained by 
the least squares methods the coefficients of variation amounting to 4.70/o 

in the case of Mw and 1.4°/() in the ca,se of ['Y]] were obtained. This is in 
good agreement with the coefficients of variation of sample II in Table II 
which have the same molecular weight distribution. The relation holding 
for the unfractionated clinical dextran of Yugoslav production (with the 
molecular weight distribution like sample II) has the form 

['Y]] = 9.37·10-3 M~295 • (6) 

This relation must not b e mistaken for the Mark-Houwink relation obtained 
on polymer fractions •and can be used only in routine molecular weight de-

terminations of clinical samples produced tin the same way and having M w 
in the range from 65,000 to 95,000. 
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IZVOD 

Fizicko-kemijske studije dekstrana. I. Karakterizacija klinickih uzoraka 

M . Zebec, Gj. D ezelic, N. D ezelic, J . P . Kratohvil i K. F. Schul.z 

Vrsena je fizicko-kemijska karakterizacija klinickog dekstrana jugoslavenske 
proizvodnj e i rezultati su usporedeni sa specifikacijama za klinicke dekstrane 
proizvedene u drugim zemljama. Vrsena su mjerenja opticke rotacije, gustoc~ , 
viskoziteta i rasipanj a svjetlosti, i analiza kinetike oksidacije j·odom u luznatu 
mediju. Eksperimenti su vrseni s nefrakcioniranim klinickim uzorcima , n iskim i 
visokim (100/o od ukupnog polimera) frakcijama. 1Z_ svrhe rutinskog odredivanja 
molekularne tezine •odredena je relacija izmedu 1[11] i ~w koja vrijedi za nefra kcioni
rane klinicke uzorke proizvedene na isti nacin s Mw izmedu 65.000 i 951. 000 . Iz 
nasih podataka moglo se zakljuciti da jugoslavenski klinicki dekstran spada u 
grupu klinickih dekstrana nifo molekularne tez1ne (svedski i americki dekstranl. 
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