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ABSTRAKT

Kyselina hyaluronova je polymer slozeny z disaat@anch jednotek N-cetyl-D-
glukosamidu a kyseliny D-glukoronové, ktery regaldjydrataci a pohyb makrobtknv
tkanich. Jako efektivni é&€bny prostedek se uplatje v celéradd medicinskych obdr
nag. oftalmologii, ortopediti revmatologii. Ri pouziti ¢isté HA dochazi k jeji degradaci,
které se snazime zabranitgavkem iont, konzervénich latek. Tyto konzeréai latky se
urcitym zpiasobem podileji na strukturnich 2n@éch kyseliny hyaluronové, které jsou neza-
douci a nizeme je potlét piidavkem iontu z Hoffmeistroviady. Cilem této prace byla
snaha blize specifikovat, jak ionty z Hoffmeistraagy ovliviiuji hyaluronan, a toipde-

vS8im @i bobtnani.

Kli¢ova slova: hyaluronan, bobtnéni, Hoffmeistréada,

ABSTRACT

Hyaluronic acid, also called hyaluronan is a linpalymer composed of a repeating disac-
charide containing D-glucuronic acid and N-acetyfiDcosamine, which regulated hydra-
tion and movement of cells inside of tissues. HAiIsed as a medicament in a different
medicine section for example ophthalmology or gotexdic medicine. At using the pure
form of HA in solution causes a sequent degradaiidmer structure. This degradation can
be decreased by conserving substances and thdioadthppened to structure changes of
HA in solution. These changes can be reduced bynister ions support hydrophilic in-

teractions. Aim of bachelor thesis will be studyspgcifications the influence of ions from

Hoffmeister serie.

Keywords: hyaluronan, swelling, Hoffmester serie,
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INTRODUCTION

The sodium salt of hyaluronic acid called as hyatan (HA) is high molecular biopoly-
mer which is part of group polysaccharide occurBuman and animals tissues. In human
body HA can be found in cells membranes or bodg$luln structure HA have hydrophilic
and hydrophobic properties influent interactionswiutions. Water solutions of HA are
very viscous. The most important property of hyahan is viscoelasticity. HA is a very
important part of the physiology of skin, becaussupports her function. Hyaluronic acid
is used in medicine and pharmacological industhe major application is in ophthalmol-
ogy, wound healing, orthopaedic medicine and régentcancer therapeutics. The main
aim this thesis was definite what influence hasiohHofmeister series have on the swell-
ing process by hyaluronan. These ions have a grifaence on structure and stability of

HA in water solution.
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|. THEORETICAL PART
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1 GENERAL CHARACTERISTIC OF HA

Hyaluronic acid, also called hyaluronan (HA) istpafrgroup anionic polysaccharides that
incident in various human and animal tissues anidigl Hyaluronan is a high molecular
linear polymer. The molecular conformation of thispolymer is strongly dependent on
the nature of the counter ions. [1] In the humadybdyaluronan can be found in cells,
body fluids, mucous membranes, joints, and spimsktsdHyaluronic acid odium salt
hyaluronate)-HAis a polysaccharide (carbohydrate) which naturadlgurs in the human
body. Exists in all animals and has the same sirech all species and theirs tissues. The
concentration of HA is very high in the skin and tonnective tissues. It is present even in
the capsule of Streptococcuf. forms an essential structural component in tregrixi of

tissues where the concentration of HA is lower. [2]

1.1 History

In 1934, Meyer and Palmer separated an unknowrsgotyaride fronthe vitreous humor

of bovine eyes and named it hyaluronic acid becduwsmtained uronic acid and its origins
were found in the lens. [2] Because hyaluronic acds not occur as an acid in the physio-
logical enviroment, but as a sodium salt or otlatssit had been recognised as a group of
hyaluronans since 1996. Its effect on such diseaseassteoartrityde, rheumatoid arthritis
and other xeroderma was described 50 years adbelfh960s, it was considered that HA
could be used in medicine; however the first sucodsts use was published in the 1970s.
At the beginning, hyaluronan was used as a tredtfoethe joints of saddle horses. Later
HA started to be used in veterinary medicine. i ¢larly 80s, hyaluronic acid was regis-

tered as Healon and HA began to be utilised ireglgesurgery for the protection of cornea.

[3]

1.2 Chemical structures

Hyaluronan is the general term designating thetitspe of a linear disaccharide contain-
ing D-glucuronic acid (Fig.1l) and N-acetyl-D-glueosine, interconnected by
L - @-3)and S - (1- 4d)interglycosidic bonds [1].
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CH,OH

R =Nl

/

H,C
Figure 01 ®uctural unit of HA

A hyaluronan molecule consists of glucuronic aaid &l-acetylglucosamine units, which
alternate over and over in the structure to fornglohains. Each disaccharide unit has one
carboxyl ate group, four hydroxyl groups, and aetamido group. Hyaluronan differs

from the other major glycosaminoglycans in thalaés not contain sulphate groups. [4]

The chains can have the molecular weight of 4-5 MBecause the HA has hydrophilic
and hydrophobic properties, it can create spiralfigarations in water solutions. Hyalu-
ronic acid works as a molecular ,sieve“- it onlyegoover the small molecules such as
water, but it can diffuse particles as electrolygad nutriments. The most important prop-
erty of hyaluronan is viscoelasticity. Viscoelagyioneans that the substance with such
property has the viscosity of liquids combined witie elasticity of some solids. Water
solutions of HA are very viscous. Therefore, HAjamts decreases friction and absorbs

the pressure impact.

1.3 Functions of Hyaluronan in medicine

Until the late 1970s, hyaluronan was described ‘gga”’ molecule, an ubiquitous carbo-
hydrate polymer that comprised the extra cellulatrim. For example, hyaluronan is a ma-
jor component of the extracellular matrix whichrfar synovial fluid. Along with lubricin,

it is one of the fluid’s main lubricating componentt helps to protect joints by increasing
the viscosity of the fluid and by making the cagié between bones more elastic. Further-

more, HA is a very important part of the physiolagyskin, because it supports its function
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and renovation. Another property of HA is the dbitio bind water molecules and fill in
the space between cells. Moreover, it helps the wath their division and metabolic func-
tions. In case there is a tumour growing or sorserdier forming as a result of outer influ-
ences - such as exposition to UV radiation or tresamption of drugs - normal functions
and convalescence could be lowered. Laboratorychnidal experiments show, that these
changes are caused by lower concentration of fya&itonan in the skin. HA keeps the
structure of tissues and supports their defencedutition, HA controls the transport of
nutrients between cells and also the amount ofwatthe tissues. It creates suitable con-

ditions for the division, migration and adhesiorcefis. [5]

1.4 Degradation

Hyaluronan is degraded by a group of enzymes chlatlironidases. In human body, there
are at least seven types of hyaluronidase-like raegy several of which are tumour sup-
pressors. The process of degradation of hyalurgnaduces oligosaccharides and hyalu-
ronans with a very low molecular weight. These piatd display pro-angiogenic proper-
ties. [5]

1.5 Medical applications

In 1950,HA was applicated in medicine, namely in the eymesry as a vitreous replace-
ment for the first time. Hyaluronan has been usedraeffective medium in such branches
of medicine as ophthalmic, orthopaedic or rheunagficl surgery. HA with high molecular
weight (10 000 — 10 000 000 Da) is used as a cymosustomathology, mainly in the
medical treatment for the affection of jowls. Howevthe major application of this mate-
rial is in ophthalmic surgerylue to its vicoelasticity. It is used during timeplantation of
intraocular lenses for people with cataracts [B]s lalso used as an inject able substance

for degenerative-joint diseases.
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Drug release is another promising application atiisation of hyaluronan. Derivatives
have been developed as topical, inject able, apthimable vehicles for the controlled and

localized delivery of biologically active moleculg6]

Hyaluronan is also used in hydrophilic coatingsdorariety of medical devices, including
catheters, guide wires and sensors to improve bipetibility, lubricity, and to reduce
fouling and tissue abrasion. By allowing deviceglide more smoothly it's easier for phy-
sicians to manipulate and steer devices aroundsband through narrow passages in the

body while minimizing trauma and tissue damage

HA has also been successfully used in cosmetidgadtbeen extensively utilized in cos-
metic products because of its viscoelastic progemind excellent biocompatibility. Appli-

cation of cosmetic products containing HA to thensk reported to moisture and restore
elasticity effect, although there is no rigorougestfic proof this predicate. The combina-

tion HA with other polymer solutions or only pureicahyaluronan is used in cosmetic sur-

gery. [6]
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2 STABILITY AND HOFMEISTER SERIE

At using the pure form of HA occurred a sequentrdegtion her structure. This degrada-
tion we can suppressed with an increment of ionsgerving substance), For example a
benzalkonii chloridum, repressed this degradatimhiaduce a denaturant. Disadvantage at
using the conserving substance is happened to ekarfgHA. The changes we can reduce
to increment of Hofmeister ions supported hydraphiiteraction HA and dissolved dena-

turant.

2.1 Hofmeister serie

The Hofmeister serie introduce a series of salis lave an influence on protein stability.
Hofmeister, Fran£1850-1922)was an Austro-German chemist and one of thegnatein
scientist. He studied salts and their influencehmnsolubility and conformational stability
of proteins. Hofmeister is known for his work orofgins, metabolism, and the chemistry
of colloids. In 1888, he discovered the relativevpoof different anions which precipitate
lyophilic salts. Hofmeister serie are not only fantental to the theories about lyophilic
colloids and their systems, but they are also itgmdrfor physiology. In 1902, Hofmeister
proclaimed that polypeptides were amino acids linkg peptide bonds. Interesting about it
is that E. Fischer created the same model of pyimastein structure at the same time,

however, independently. [7]



UTB in Zlin, Faculty of Technology 14

2.1.1 Hofmeister interactions

Hofmeister discovered series of salts that haveistant effect on the solubility of proteins
and on the stability of their secundary and teyti&tructure .Hofmeister's ion interactions
affect and influnce the stability of proteins. Rafaeel questions about this topic are: ,What
is the mechanism of reactions of Hofmeister's iomgproteins? “ and Why are some ions
denaturants and some not?“ We can answer theséansby a model consisting of many

studies, which reveal some characteristic poliis:

1) They occur by the weak interaction models and éaigltaction can be character-

ised by a salting-out or salting-in constants.

2) The interactions are very specific and they delihe Hofmeister series called also

lyotropic series

3) The effect of the interaction is constantly chaggias definited by Setchenow

equation

The Hofmeister serie named as ,lyotropic serieah-order of ability of ions to convert
into salt-out proteins - have been known as a &pan-specific phenomena of polymers

in agueous system. A typical order for anions, eespe cations is
(SCN (1 (CIO, (NO,(Br (CIO; (CI (BrO; (F (SCO"),
(K*(Na*{(Li* =Ca*).

But similar ion-specifications have been receriyrfd in the swelling behaviour of several
kinds of polymer gels [8]. Suzuki at all [9] inviggtted the ion effects on the thermal vol-
ume transition on a poly gel and he detected samedf Hofmeister’s serie for the transi-
tion of temperature. He disagreed with the speruatthat the origin of ion-effect is

caused by the change in water structure arounbytth@phobic group [8].
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2.1.2 Mechanism of the Hofmeister serie

The mechanism of the Hofmeister serie seems toyapgalnly to experiments on the sol-
vent with higher salt concentratiofQOmM ). Initial compounds in the series increase the
solvent surface tension and decrease the solulofityon-polar ,salt-out“ molecules, in
effect, they strengthen the hydrophobic interactidy contrast, final salts in Hofmeister
serie increase the solubility of non-polar ,saltimolecules and increase the order in wa-
ter, in effect, they weaken the hydrophobic effdtiese salts interact directly with pro-
teins and may even bind specifically. lons havetrang ,salting-in* effect (example

| "and SCN' are strong denaturants, they salt in the peptidepgand interact much more

strongly with the unfolded form of protein than kvhis native form [7].
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3 DIFFUSION

The one way as we can characterize dissolving psoisemonitoring the process diffusion
dissolved HA by ions from Hofmeister serie. Diffoisiis a spontaneous process character-
izing a buffering of physical-chemical factors swashconcentration press and temperature.
The solute spontaneous to vibrated from the pladés higher concentration into the
places with lower concentration as long as the eotmations will be same. Diffusion may
be used through over membrane which the definitepoment let transmit too. The diffu-
sion process is some from way transmission magsehieh the elements of masses such
as atoms (ions, molecules) and vacancy moved tdoyedements. Because principle of
diffusion is a thermal movement of the elementsnakses so intensity the diffusion proc-

ess is temperature dependent.

3.1 Fick's laws

Diffusion in solution it's controlled by the Ficklaws [10]. The first Fick’'s law say, that
the diffusion flow is definated as materials of gty of diffuse componentispass throw a
unit area which is upright on the way diffusionffsion flow is comparable to velocity

addition:

3% =-p, % (1)

' box
where D; is diffusion coefficient depended on charactersstid diffusing particles and

background. The concentration gradlegg'— is concentration change with distance. In the
X.

arbitrary point at stationary diffusion is constaith the time.

The second Fick’s law describe non-stationary ditio, where concentration gradient isn’t

constant with the time and diffusion flow is chadgdth position [11]

dif = 2
9J, = _% % =D, BLZ' ' (2)
0X or or 0x
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Where—% is speed change with time.
T

Diffusion coefficientdescribe a rate of move the dissolved componengas®r It’s intro-

duced an amount of components, which diffuse byatfea abouicm’ at the difference

concentratiorlg for distancelcmduring unit of time. The most useful methods obse-

ing the diffusion process are diaphragm cell, iitifre couple and Taylor dispersion. [11]

3.2 Non-Fickian diffusion

It is a specifics process, sometimes occurs atieokiof polymers by a good solvent. Ac-
tually, process of diffusion in this case no-prateeath Fick’'s laws. In contrast to Fick's
laws the speed of the solvent penetrates into wpmgl may not be proportional to the
square root of time. It is result from configuraialy changes in the polymer. The polymer
molecules relax from their greatly configuratiorheldiffusion process can be faster than
the relaxing process. The overall dissolutionsostiolled by the relaxation kinetics, not
Fick’'s laws. [12]

3.3 Polymer dissolutions

The polymer dissolution is important area of thieriest in polymer-science and engineer-
ing because, dissolution is applicated, for exanplihe plastic recycling and drug deliv-
ery.[13] The polymers are dissolved very slowly daese theirs dissolutions is controlled
by diffusion of chains through a boundary layeradnt to the polymer solvent interface. If
the uncross linked and amorphous polymer will beantact to solvent, so the solvent will
be diffuse into the polymer and gel-like swollegda is formed between polymer and gel-

layer and gel-layer and solvent.

On the other hand, the crystallise polymer matergak dissolution instaneously, because
the dissolutions process is direct by external nxassfer resistance through a liquid layer

adjacent to the solid-liquid interface.
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4 MATERIALS AND METHODS

4.1 Used materials and preparation of samples

4.1.1 Used materials

- for this measurement were used following chemicals

hyaluronan, rank 150806-D1/Contiprogroup
potassium iodine Kl (Riedel-da Haén Assay >99,5%)
potassium fluoride KF (Fluka Assay >99,5%)

sodium chloride NaCl (Fluka Assay >99,5%)

ethanol -Ethanol (Riel-de Haén)

distilled water H,0

magnesium chlorideMgCl, (Fluka Assay >99,5%)

4.1.2 Preparations of samples

For the measurement were used solutions of anighsanic strengthl = 0Ojnol/l and for

the preparation of polymer films of hyaluronan (ewllar mass 630 kDa) were used. HA

was dissolved in the water, then it was let swedl atirred for at least 24 hours at tempera-

ture (22-25°C). From the prepared solution the thedge films (0°10°¢<1°) were boil

off with. These films were drie in oast for 24h28°C. The prepared samples of hyalu-
ronan were cut off from these films and as thingdaof rectangular cross-section having
the area o20C10°m and the width 10~ —610°m. They were put in a temperature -
controlled holder between two semitransparent glas$he samples were so pressed by

means of torsion sprinte that the density of liaesl thus the internal pressure was the

same for each measurement.
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4.2 Methods

The time was always measured from the moment wherthiermostatted solution was in-
jected. The measurements were gauged at these regomee25°C; 30°C; 35°C; 40°C;
45°C. In each measurement, 3-5 shots were takeuitable time intervals. The resulting
interferograms were scanned by digital cammekan coolpix 4500The example of inter-

ferogram can be seen in Figure 2.

Figure 1The example of interferogram ilustrated diffusproces sof swelling ( solid
film of HA in Kl solution at 35°C)

4.2.1 Measurement of diffusion by wedge interferometry

These problems are very well described in the wadrld. L. Duda. [14] He focused on
some interference methods, which have been dewelimpehe measurement of refractive
index distribution that is associated with freeiufon experiments. Optical configura-
tions, the actual free diffusion takes place irethwhich to a large degrese independent on
the particular Metod used to determine the conaétr distribution. But traditional meth-
ods have many limitations. One of this limitatisnthat these methods are inefficient for

the measurement of a small, strongly concentragggbmdent diffusivity represented by
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concentrated polymer solutions. But this limitati@solved a new interferometric tech-

nique recently, based on the formation of interfeeepatterns by a thin wedge.

This technique makes it possible to work with rigkly simple experimental apparatus and
does not require accurate temperature control shrcdiffusion takes place in a thin chan-
nel in which natural convection currents are sthpsgppressed. The interference patterns
are photographed at different time intervals. Thassferograms must be analyzed to ob-
tain information concerning the distribution of nadtive index at diffusion field. The

fringes are contours of constants of constant aptayer. Consequently any increase of

refractive index along a fringe must be evoked@etese in the layer of the wedge.

t= 30s t= 60s

t = 90s t= 120s

t= 150s t = 180s

Figure 2Interferograms ilustrated diffusion process of dimglmeasurement at different

times
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4.2.2 Microinterferometric method

The interferometric method enables us to deterntiieeshape of concentration field in
swollen surface layer (SSL) by two experimentalceaures.e. the method of constant

optical width or the method of constant width ofdge. The technique of constant width of
wedge was also applied in this study and its ppiecis represented in (3) A straight line
coalescing with parallel sections in pure polymed aolvent is drawn through the diffu-

sion field obtained.

Gel- surface swollen layer

Figure 3interferogram

The interference fringes arise if the following atjan is fulfilled as follows:

mA =2d(n, -n,), 3)
wherem, 4, d, n, andns are an integer, wavelength, width of wedge, reivacindex of
pure solvent, and refractive index of polymer, exsjyely.

The condition need not be always fulfilled. The lesaence of parallel reference lines in
polymer with interference lines in solvent is calibg perfect optical isotropy of particular

regions of the swollen surface layer.
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If K is the number of lines which intersect the refeeelined = const., then the following

equation is valid for the refractive index in tlaeh point of intersection ipsregion:

Ny =N, +i——F (4)
’ K

By measuring the position of the points of intetsecin relative scales (with respect to
magnification) and using equation (4), the cumve f(X) may be constructed. The accuracy
of the n-c transformation depends on the number of linessetding the reference line

(number of lines = f{, —ng)) and the distance between semi-transparent glates.

The wedge microinterferometer may be used onlyef tefractive index of solvemt; is
different from refractive index of polymes. In this case, two spots with different concen-
trations have different indices of refraction. Tatenge in refractive index is proportional

to concentration change in a not too wide concaatranterval.

The mutual diffusion in a system polymer-solventmone-dimensional experimental ar-
rangement and stationary flow may be describechbysecond Fourier-Fick law (system

with concentration dependent diffusion coefficiantjhe form:

oc_ 0 Dac

= 5
ot ox ox ©)

wherec is concentration of polymer expressed arbitrarily.

The solution for the following initial and boundargnditions:

c=c, x>0 t=0
c=0 x<0 t=0
C=C, X-o0 tp>0

ensues from the Boltzmann solution of partial défdial equation (5) and its mathematical

application put forward by Matano.
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Provided the mixing of both components is not aquanied by volume change, the equa-

tion allowing to calculating the diffusion coeff@it may be written in the form:

_1ldp % 7
==Y ([ 2ndp, + w, [ 27dp 6

where D is diffusion coefficienfy andw; are total solution density and mass fractief,
andpyo are total density and species density at the lifibe diffusion field,7 = x/2t"?is
a variable defined such that x is the distance ftheninitial boundary at which contact

occurs and t is the time which passed since tleesmutions mde their initial contact.
[16]

Figure 4interferogram obtained by the technique of consteedge width and its inter-
pretation (sample of Hyaluronan at 37°C in t=21Cceeds); § — refraction index of
pure solvent; p— refraction index of polymer;,x- refractive index in SSL; 0, 1, 2, ...,K

— number of crossed lines; d — width of wedge.

A microinterferometer based on light interferemtea thin wedge layer formed between
two semi-transparent walls was used for the measemées. The method is very suited for
the investigation of diffusion because it makepassible to shorten the time of experi-
ments by several times and reduces the exigenttegmnostatting, owing to the diffusion

taking place in relatively viscous medium.
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The films were prepared from the biopolymers (assigin Experimental part, section A.
Materials) by pouring the solution in redistillecatgr in a Petri dish. The resulting inter-
ferograms were scanned by a digital candkl&ON COOLPIX 4500.

For image analyses of interferograms and the camgpof ¢ = f(x) relation was use8AIA
software [15] developed by P. Urban (Institute bfy$tics and Materials Engineering, FT,
UTB in Zlin). [16,17]
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5 RESULTS AND DISCUSSION

Our objective was to find what influence do ionstébfmeister series have on the swelling
process by hyaluronan. These ions had a greaeimtkion tertiary and quaternary structure
of proteins and on the stability of proteins. Hyahan is a polysaccharide which has a
relatively large molecular mass. The molecular na&EsBlA causes a nodus of all chain
molecules and an enlargement of the supramolestidactures, which consequently cre-
ated different interactions in the final coil. lowhich promote water-repellent and water-
receptive interactions have been found, which oflnence the whole diffusion process of

swelling.

The influence of Hofmeister series on HA behaviand process of swelling Hyaluronan
films we can measure by interferometric method. @ifieision process of swelling meas-
urement is shown in Figures The results of theasgyt mutual diffusion coefficienis of

solvents into HA thin films corresponds with visitpsvalues, where is the influence of

Hofmeister interaction evidently more visible.

The influence of Hofmeister series ions on hyalaromehaviour and hyaluronan films
swelling by solutions of these ions can be stuthethterferometric methods. The depend-
ence of the mutual diffusion coefficient of swefjion the ability of water to solvate hyalu-
ronan was verified. As can be seen in Figure 5rétetion between the mutual diffusion
coefficient and hyaluronan concentration in swollayer shows a statistically significant
decreasing rate of swelling diffusion process fapeximent with KF addition (lonic

strengthl = 0,1 mol.LY) as compared with swelling of hyaluronan by puees. On the

other hand, solutions ®&faCl, MgCl, andKI force diffusion swelling processes.
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swollen layers.
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Differences between monovalent catiofn&( K*) and divalent cationsMg®") at ionic
strengthl = 0,1 mol.L'* are consistent with predictions that charge shigldiy divalent
ions is greater [8, 9]. The data for the swelliiffugion process suggests thdg** causes
greater domain contraction, which is additionathe electrostatically induced changes in
HA properties observed witk* andNa’. Individual Mg** ions may co-ordinate two car-
boxy groups on the same HA chain secondary streicamd promote chain contraction.
Consequently, cations dflg** could induce a significant reduction of chain fagfs.
However, the mutual diffusion coefficieBt(c) of swelling shows (Figure 6 ) nearly order
of magnitude differences fdfl solutions in comparison witKF ones. In this case, the
influence of the anions={(, CI', I") on the behaviour of thik” cation is evident. This fact
can be viewed as in accordance with theory of Hoftee ion series (hydrophike
I'<CI"<F—hydrophobic).F or CI" ions may alter the co-ordination of water molesule
with HA chains, thereby disrupting the hydrogen d®rnnvolved in water bridges. The
strong reduction of hydrophilic chain interactiamdacreation of hairpin loops caused®y
can consequently induce a significant increasehafrcstiffness. The lower ionic strength
shows similar dependences (see in Figure 6), warehrepresented by the mean mutual

diffusion coefficient.

2 2 | @ /onic stregth of ion solutions [=0.1mol.L"
: W /onic stregth of ion solutions 1=0.05mol.L"
20 Olonic stregth of ion solutions 1=0.01mol.L"

o |

HA -pure HA-NaCl HA-MgCl12 HA-KI HA KT

Figure 6The mean mutual diffusion coefficients of HA sohst
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CONCLUSION

The results of the apparent mutual diffusion ceedfitsDs of solvents into HA thin films

corresponds with viscosity values, where is théuerfce of Hoffmeister interaction evi-
dent. These results of presented experiment relgtsupport the theory of Hoffmeister
series. The assumption of increasing or weakenydyophobic interaction by assorted
ions probably can be used in connection with behavof Hyaluronan in solutions. But for
these measurements would be make other experirf@ndsfferent values ionic strength.

These experiments should be much distorted.
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