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Abstract

The discolouration of Hyaluronan in presence of
phosphate buffer

Alma Fjällström, Emmy Draxler, Saida Adan,                                      
Sandra Andersson & Louise Aidanpää

Hyaluronan is a polymer that among other things is used in fillers.  
Products containing Hyaluronan is sometimes discoloured over time and 
the mechanism behind this discolouration is still unknown. However, 
it was suspected that discolouration occurs during the degradation 
due to high pH values or with a phosphate buffer. The discolouration 
of Hyaluronan that occurs with phosphate buffer was studied in more 
detail in this project. The samples of Hyaluronan with different 
concentrations of phosphate buffer were left at 90 oC in an oven to 
speed up the discolouration. These samples were then analyzed by 
using UV/Vis spectrophotometry to measure the absorption and 
capillary viscometry to measure the molecular weight. The results 
showed that the discolouration increased with time and that the 
samples with the higher concentration of buffer got more discoloured 
faster. The molecular weight showed a decreasing trend with time. It 
also suggested that the phosphate buffer had an impact on the 
molecular weight. The samples with the highest concentration of 
phosphate buffer had a lower molecular weight compared to samples 
with no phosphate buffer. The main conclusion from this study is that 
the phosphate buffer had an effect on the discolouration of 
Hyaluronan.
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1. Introduction 

 

1.1 The many usages of Hyaluronan  
Hyaluronan can be found in most of the tissues and biological fluid in the human body, such 

as the synovial fluid, the umbilical cord and the dermis. It is a non-sulfated 

glycosaminoglycan and differs from other glycosaminoglycans by being synthesized in the 

plasma membrane instead of the Golgi apparatus (Kogan et al., 2007). About half of the 

body's Hyaluronan is found in the skin, where it among other things serve as a matrix with 

embedded cells, retains water in the tissue and change the compressibility and volume 

(Kogan et al., 2007). The natural functions of Hyaluronan in the body are many; it can be 

used as a space filler, lubricant, shock absorber and an organizer in the extracellular matrix 

(Stern, 2000). 

 

Hyaluronan is a versatile molecule; clinically used in for example orthopedic surgery to treat 

arthritis, as a substitute for vitreous fluid during eye surgery and augmentations and fillers in 

plastic surgery (Kogan et al., 2007). When Hyaluronan is modified it can adapt a variety of 

forms all with different properties, from viscoelastic solutions to electrospun fibers (Burdick 

and Prestwich, 2011). One of these many forms is hydrogels, which is derived from chemical 

crosslinking to combine the linear polymer chains  (Burdick and Prestwich, 2011).  One way 

to produce the hydrogel is by using the crossbinder 1,4-Butanediol diglycidyl ether (BDDE). 

BDDE is a bis-epoxide which is used to form a bond between the Hyaluronan polymer chains 

by modifying the hydroxyl groups on the monomers (Burdick and Prestwich, 2011).   

 

As a gel in fillers, Hyaluronan is a popular option due to the properties of predictable, 

immediate and natural looking results which are easily correctable with a subsequent 

injection of the enzyme hyaluronidase that causes the enzymatic breakdown of Hyaluronan 

(Sundaram and Cassuto, 2013). Fillers often has the purpose to fill up the loss of associate 

subcutaneous volume which the face has lost over time (American Society of Plastic 

Surgeons, 2018) and since Hyaluronan is a humectant and endogenous substance it makes a 

good substitute in fillers  (Kogan et al., 2007) The long lasting effect compared to other types 

of fillers, has made Hyaluronan a cost effective choice as well (Sundaram and Cassuto, 

2013). It is possible to mimic human body fluid conditions for Hyaluronan by dissolving it in 

a phosphate buffer saline solution, since the buffer has a pH of 7.4 (Ström, Larsson and Okey, 

2015).   
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1.2 Molecule information  
Hyaluronan is a polymer, more accurately a linear polysaccharide consisting of a repeating 

disaccharide unit (Kogan et al., 2007).The monomer consists of one D-glucuronic acid and 

one N-acetyl-D-glucosamine connected with a glucoside bond as can be seen in Figure 1 

(Kogan et al., 2007). 

 

 
Figure 1 -  The Hyaluronan monomer with the two saccharides units D-glucuronic acid and N-acetyl-D-

glucosamine (Edgar181, 2009). 

 

 

1.3 Degradation 
Hyaluronan degradates over time and the process have been studied to some extent. The 

degrading effect on Hyaluronan of both acidic and basic conditions and oxidation have 

previously been studied by depolymerizing the molecule with ultrasonication, microwave 

irradiation and conventional heating (Dřímalová et al., 2005). By using molecular size 

exclusion chromatography (SEC) combined with a low – angle light scattering (LALS) and 

viscometry the degradation was followed. The result of this study showed that the 

degradation increased in both acidic and alkaline pH due to oxidation. (Dřímalová et al., 

2005) Other studies have shown that Hyaluronan is more stable at neutral pH values (Tokita 

and Okamoto, 1995). 

 

Gamma radiation has been shown to cause a depolymerization of Hyaluronan; with 

decreasing molecular weight as well as an occurring bright yellow colour  (Kim et al., 2008). 

The Hyaluronan molecule became more yellow with an increased dose of gamma radiation  

(Kim et al., 2008). Studies have also shown that irradiation of other polysaccharides such as 

chitosan obtained a brown colour after being treated with gamma radiation (Kim et al., 2008). 

This is an interesting result and it wakes the question about if there are other circumstances 

that makes the molecule discoloured as well. 

  

1.4 Hyaluronan products exemplified by Galderma 

The company Galderma make, among other things, aesthetic products to rejuvenate the skin 

and decrease the signs of aging, sold under the brand names Restylane®, Azzalure® and 
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Sculptra® (Nestlé Skin Health, 2008). Restylane® is a filler that utilizes non-animal 

stabilized Hyaluronan (NASHA) in the form of a cross linked gel to smooth out wrinkles and 

enhance the appearance (Galderma S.A., 2013). 

  

Since Hyaluronan in fillers is injected into the body it is important to keep a stable pH value 

in these products. Galderma uses a phosphate buffer to match the pH value of the gels with 

the pH in the human body. It is known at the company that the gel sometimes turns yellow in 

the process of developing new the Hyaluronan gels (an example of the discolouration can be 

seen in Figure A1.1). Could the phosphate buffer perhaps be a contributing factor to this?  

 

1.5 Aim  
The aim of this study was to investigate the yellow discolouration of Hyaluronan as it 

degradates with time in the presence of a phosphate buffer at a neutral pH. There have been 

few studies made on the discolouration of Hyaluronan and the correlation between the 

degradation of Hyaluronan and its colour is still unknown. Thus, by experimenting on 

Hyaluronan in different concentrations of phosphate buffer, a better understanding of 

Hyaluronans discolouration and degradation should be attained.  
 

  

2. Theory  
 

2.1 Absorbed light and transmitted colours 

To be able to discuss the discolouration of Hyaluronan some basic knowledge of colours is 

necessary. All the colours that the human eye can perceive is the results from the interaction 

of light with the pigments in coloured objects. The absorbed colours are complementary to 

the ones transmitted (Clayden, Greeves and Warren, 2012), see Table A1.1 in Appendix for a 

table over these colours. 
 

Every pigment and dye that are based on organic compounds contain a large conjugated 

system (Clayden, Greeves and Warren, 2012). A conjugated system is a system with at least 

three connected p-orbitals in the same plane. Every atom that is able to donate a p-orbital, 

such as radicals with orbitals that are half-full or atoms that got a pair of free valence 

electrons is a part of a conjugated system (Lynch, 2015). For the conjugated compounds, the 

energy difference between the highest occupied molecular orbital (HOMO) and the lowest 

unoccupied molecular orbital (LUMO) is very low (Clayden, Greeves and Warren, 2012). 

The energy difference is related to the wavelength through equation 1 below, where E is the 

energy difference, c is the velocity of light, 𝜆 is the wavelength and h is the universal 

Planck’s constant with a value of 6.626 * 10-34 Js (Atkins, Jones and Laverman, 2013). The 

smaller the energy difference is for a compound, the longer wavelength of light it can absorb 

(Clayden, Greeves and Warren, 2012).  
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     𝐸 =  
ℎ ∗ 𝑐

𝜆
   (1)  

 

Compounds with less than eight conjugated double bonds absorb light with a wavelength 

lower than 400 nm (not visible to the human eye) (Clayden, Greeves and Warren, 2012). A 

compound with about eight to ten conjugated double bonds perceived as yellow or orange. 

An even larger conjugated system with 11 double bonds, corresponds to a higher wavelength 

about 490-500 nm, which is observed as the colour red (Clayden, Greeves and Warren, 

2012). This investigation examines the yellow discolouration of Hyaluronan. Therefore, the 

UV-Vis spectrophotometer measurements were compared at 420 nm.   

 

2.2 Molecular weight determination 
To study a molecules degradation, measurements of molecular weight is important. There are 

many different methods for determining the molecular weight of a molecule, such as capillary 

viscometry, Dynamic light scattering (DLS), and Size-exclusion chromatography with 

multiangle light scattering (SEC-MALS). Capillary viscometry were used in this study 

because of its properties as an easy and effective method of measuring the molecular weight 

of a polymer (Wang et al., 1991).  

 

A glass capillary viscometer can be used for all Newtonian liquids (liquids with an ideal flow 

behavior). By first measuring the flow time for a known volume of solvent that sink through 

the glass capillary and comparing it to the time it takes for the same volume of sample but 

with the polymer dissolved in it, some different viscosities can be calculated (SI Analytics, 

2015). It is however an environmental sensitive method, that demands for example a 

carefully controlled temperature to give precise measurements (The temperature needs to stay 

within ±0.1 ℃). The most relevant viscosities to this study is presented in Equation 1 to 4 

below (Chanda, 2006). 

  

Relative viscosity:   𝜂𝑟𝑒𝑙 =
𝜂

𝜂0
=  

𝑡

𝑡0
   (1) 

 Specific viscosity:   𝜂𝑠𝑝 = 𝜂𝑟𝑒𝑙 − 1  (2) 

Reduced viscosity:  𝜂𝑟𝑒𝑑 =
𝜂𝑠𝑝

𝑐
  (3) 

Inherent viscosity:   𝜂𝑖𝑛ℎ =
𝑙𝑛(𝜂𝑟𝑒𝑙)

𝑐
  (4) 

 

If ηred is calculated for some different concentrations of polymer, a linear extrapolation of the 

data can be made to get the value of the viscosity at concentration 0 (SI Analytics, 2015). 

This value is called the intrinsic viscosity or the limit viscosity, [η], and is related to the 

molecular weight through the empirical Mark-Houwink equation (Equation 5), where M is 

the viscosity average molecular weight of the polymer and both K and α are Mark-Houwink 

constants that are specific to the polymer, temperature and solvent used in the experiment 

(Chuah and Soni, 2001). 

 

     [𝜂] = 𝐾 ∗ 𝑀𝛼   (5) 

 

However, the molecular weight of a polymer is not fully described by an average molecular 

weight. To give a complete illustration of the sample, a molecular weight distribution should 
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be presented. This is because in most samples, not all polymer chains have the same length 

and therefore not the same mass (Chanda, 2006). The method of dilute solution viscometry 

do not give any estimation of the distribution and hence not a complete illustration of the 

molecular weights in the sample.  

2.3 Oxidation reactions of polymers  
An attribute that commonly becomes a problem for polymers under standard environmental 

conditions is that they degrade and change properties as they age. The reason for this process 

is that all polymers are susceptible to oxidation reactions. The oxidation depends on both 

physical and chemical aspects, which means that there are many different ways an oxidation 

reaction can take (Celina, 2013). Ultrasound, ultraviolet radiation, heat and direct reactions 

with oxygen is some of the reasons why the oxidations of polymers start (Shibryaeva, 2012). 

 

For an oxidation reaction to occur to any substance, there must be another substance in the 

vicinity that are susceptible to electrons.  Because of this, an oxidation reaction always occur 

together with a reduction reaction in which one or more electrons are received by the 

substance. This type of reactions is called redox reactions (NE Nationalencyklopedin AB, a). 

A substance that easily contract electrons in a redox reaction is called an oxidizing agent. The 

oxidizing agent will thus be reduced while oxidizing other substances (NE 

Nationalencyklopedin AB, b). 

 

The Hyaluronan molecule contains a few functional groups that could react directly with 

oxygen by a radical mechanism, for example ethers. They are normally relatively inert but 

can also react slowly with oxygen which leads to the formation of peroxide radicals. These 

radicals could then react with hydrogen atoms in the other Hyaluronan chains in the sample. 

This leads to the formation of both hydroperoxides and peroxides (Vollhardt and Schore, 

2007) (VERT, 2006). The formation of hydroperoxides and peroxides produces radicals that 

also could react with the oxygen (VERT, 2006). This leads to a cascade of radical reactions 

that constantly requires oxygen. As a result of oxidation reactions that splits the polymers 

into radicals, the average molar weight decreases, and the polymer chain decomposes.  

 

 

3. Method 
 

Preliminary experiments were made that resulted in a laboratory plan that investigates the 

impact phosphate buffer has on the degradation and discolouration of Hyaluronan. The 

preliminary experiments will not be described in this report as they were not designed to give 

any comparable results. 

 

3.1 Preparation of samples  

All samples were prepared in glass vials with an air-tight PTFE and metal cap. Five different 

concentrations of phosphate buffer (0, 25, 50, 75 and 100 mM) were made. Each 
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concentration was made in 7 to 10 replicates, see Table 1 for more information. Due to time 

limitations, not all samples could be analysed twice a day. This meant that not all 

concentrations could be analysed the same number of times. 

A 0.9 wt% NaCl-solution was first prepared by dissolving NaCl (Falksalt, 99.8% NaCl) in 

MilliQ-water. The Hyaluronan solution (donated by Galderma) consisted of uncrosslinked 1 

MDa Hyaluronan (2 wt%) diluted in 0.9 wt% NaCl. This was first weighed into the glass 

vial. Then a 1 M phosphate buffer from APL was added into the vial, and lastly the NaCl-

solution. 

 

Table 1 - Content in samples with the different concentration. All substances were measured by weight. 

Concentration 0 mM 25 mM 50 mM 75 mM 100 mM 

2 wt% Hyaluronan solution (g)  5 5 5 5 5 

0,9 wt% NaCl solution (g) 5 4.725 4.45 4.175 3.9 

1 M phosphate buffer (g) - 0.275 0.55 0.825 1.1 

Number of samples 10 10 8 9 7 

 

After all samples were prepared, most of them were put in an oven at 90 oC and left there for 

between 21 and 146 h (see Table A1.2). When a sample was taken out of the oven, it was 

immediately put in a beaker with cold water to stop the degradation of Hyaluronan. One 

sample of each concentration were left outside the oven and were analysed with viscometry 

to get data about the molecular size before degradation.  

 

3.2 Discolouration measurements  
Ultraviolet-Visible spectroscopy were used in the experiments, to measure the discolouration 

of Hyaluronan. It is a well-known method that is used to measure absorbance, mainly in 

solutions but also in gases and solids. UV-Vis spectrophotometers sends light through the 

sample and then to a detector that analyse how much the sample has absorbed, see Figure 2. 

 
 

 
Figure 2 - Schematic diagram of a single-beam spectrophotometric experiment 

 

3.2.1 Equipment  

The analytical equipment that was used in the experiment was a Lambda 35 UV-Vis 

spectrophotometer from PerkinElmer, which can detect wavelengths between 190-1100 nm. 

Lambda 35 is a double beam spectrophotometer, but for these experiments single beam mode 

was used. This means that it measures reference and sample in two different runs. As a light 
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source Deuterium and Tungsten halogen lamps are used in the spectrophotometer 

(PerkinElmer Inc, 2002). 

 

 

3.2.2 Equipment settings 

The UV-Vis were set to start at 800 nm and end at 200 nm with a spectral bandwidth of 1 nm. 

Scan speed were set to 240 nm per minute and using one cycle for each wavelength. Lamp 

change was set to 326 nm. For the samples in the experiment, the sodium chloride solution 

was used as a blank with purpose to account light losses for the samples during absorption. 

 

3.2.3 Analysis of samples 

The samples were pipetted into a standard 1 cm path glass cuvette and the cuvette were then 

placed in the spectrometer. This was done both for concentrated and 1:10 diluted samples of 

each concentration. UV-Vis collected absorbance data for all wavelengths within the 800-200 

nm range and were connected to a computer that draws the spectrum from the data.  

  

With the spectrum, one can analyse a sample by looking at the peaks and changes. For this 

thesis, wavelengths between 400-480 nm were extra interesting, because it indicates how 

much of the violet and blue wavelengths a sample absorbs. Samples that absorb violet and 

blue wavelengths appears yellow to the human eye. The higher absorbance the sample have 

in these wavelengths, the more yellow colour the sample shows.  

 

In the experiments the data from the measurements were used to study how the degradation 

of Hyaluronan changes the absorbance over time.  

 

3.3 Determination of molecular weights  

Marks in the glass capillary instrument enable measurements with a ViscoClock (Schott 

instruments, Mainz) to determine how long time it takes for the surface of the sample to sink 

between these marks. The hydrostatic pressure of the liquid in the capillary is the reason for 

the liquid flow. This means that it is important to use the same sample volume in every 

measurement (SI Analytics, 2015). 
 

For every sample that was taken out of the oven, three different concentrations were made 

(noted A, B and C in Figure 3 and Table A3.1-5) to get three measuring points in the graph. 

A varied amount of sample (see Table A3.1-5 for exact amounts) was weighted on a scale and 

diluted with 15 g 0.9 % NaCl solution.  
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Figure 3 - The way a sample was diluted and analysed. A, B and C are different concentrations (dilutions) of the 

main sample. Each t indicates a time measurement made, and as can be seen A, B and C were measured three 

times each. 
 

Two Ubbelohde-viscometer (SI-analytics, type no. 527 10), were used during the 

experiments. At first a reference time for the solvent (0.9 wt% NaCl) was measured in one of 

the viscometers. This was done by filling the capillary using a syringe with an Acrodisc®️ LC 

25 mm syringe filter (P.N. 4408T) and then measuring the time it takes for the fluid to sink 

through the glass capillary thrice. The viscometer was then rinsed and dried while the same 

reference procedure was made on the other capillary. These reference measurements were 

made two times daily on each viscometer. 

 

When the reference runs had been made, approximately 10-15 ml of either A, B or C were 

filled in one viscometer the same way as described above. As can be seen in Figure 3, there 

were then three measurements of time. The viscometer was then rinsed and dried, while the 

other one was being filled with the next sample, and so on. 

 

By using the mean flow times, the reduced and inherent viscosity could be calculated for 

every sample. The two kinds of viscosity values were plotted against the sample’s 

concentration of Hyaluronan and two linear regressions were made. The mean of the two 

regressions intercept with the y-axis was used as a value of the sample’s intrinsic viscosity, 

[η]. The molecular weight was then calculated using seven different pairs of the constants K 

and α in the Mark-Houwink equation (See Table A3.6). By using these seven different 

calculated molecular weights, a viscosity average molecular weight was calculated. 

 

3.4 Correlation analysis 

To evaluate the relationship between the degradation and discolouration, the statistics 

program Jeffrey’s Amazing Statistics Program (JASP) was used to calculate Pearson's r and  

linear regression. Linear regressions were performed on  the absorbance at a specific 

wavelength and 1/Mw for each concentration, too evaluate if there were a linear relationship 

between the discolouration and degradation . The molecular weight was converted to 1/Mw 

to obtain a linear relationship with the absorbance. Pearson's r value, is a linear correlation 
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coefficient and gives information about the linear relationship. Pearson’s r squared, R2, is 

known as the coefficient of determination, and evaluate how well the linear regression model 

fits an approximation (StatSoft, 2013).  

 

4. Results  

 

4.1 Discolouration  
Figure 4 and 5 show the results for the UV/Vis measurements for 100 mM. The graph 

indicates that the discolouration of Hyaluronan increased over time. The results for the other 

concentrations were similar; increasing time gave increased absorbance. Due to measurement 

limitations it was chosen to have a maximum absorbance value of three on the y-axis. This 

was because you could see a clear blur that gives invalid data, see Figure A2.1. The complete 

results for all concentrations can be shown in Figure A2.2 to A2.9. 
 

 
Figure 4 - A non-diluted sample of Hyaluronan in 100 mM phosphate buffer. The increase in absorption is 

displayed as it degradates over time. 

  

 
Figure 5 - A diluted sample of Hyaluronan with 100 mM phosphate buffer. The increase in absorption is 

displayed as it degradates over time. 
The discolouration appeared yellow for the samples (see Figure A1.2) when the UV/Vis 

measurements were made. Therefore, the absorbance value with a wavelength of 420 nm was 

plotted against the time, see Figure 6. This show that increased buffer concentration 
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contributes to increased discolouration. Similar plots, but for two other wavelengths (380 and 

400 nm), show the same behavior. They can be found in Figure A2.10 and A2.11.  

 

 
Figure 6- Absorption against time at wavelength 420 nm. The behavior of different concentrations during the 

discolouration can be followed. The equations for the exponential trend lines can be seen in Table A2.1. 

 

In Figure 7, the relationship between buffer concentration and acceleration of the 

discolouration is presented. A linear regression appears to be a good match for the data. 

 

 
Figure 7 - The acceleration of the discolouration at 420 nm plotted against buffer concentrations. The equation 

for the linear regression and R2 - value are presented in the graph.  Data for this graph (the linear regressions 

for each concentration) is presented in Figure A2.12. 
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4.2 Molecular weight 
There is a clear decrease of molecular weight over time, as can be seen in Figure 8.  This is 

expected and follow an expected pattern. However, each data point is calculated from only 

one sample. This yields a high uncertainty as can be seen at the first data point (zero hours) 

where the dispersion is large (RSD = 6.42, see Table A3.7 for numerical values). Those 

samples should all be identical since they had only spent time in room temperature and were 

measured as soon as they were prepared. 

 

 
Figure 8 - The change in molecular weight of the Hyaluronan molecule over time based on measurements made 

with a viscometer. 

 

The inverse molecular weight plotted against time for the different buffer concentrations is 

presented in Figure 9. As can be seen there are two versions of the 0 mM graph, one where 

the two last points were omitted. This is to illustrate that the two last data points affects the 

linear regression extensively. The behavior is further discussed in section 5.2.  
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Figure 9 - The inverse molecular weight plotted against time for each buffer concentration separately and a 

linear regression is made. The equation and R2 - value is presented in the graphs. 

 

A summarizing table of the trendlines’ equations in Figure 9 and their R2-value is presented 

in Table A3.8. 
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4.3 Correlation analysis  
It appears to be a correlation between absorbance and 1/Mw as indicated by using Pearson’s r 

(which measures the strength of a linear relationship), see Table 2 and correlation plot in 

Figure 10. (The correlations plots for the other concentrations can be seen in Figure A4.1 to 

A4.4). It also seems that the linear correlation decreases in strength with increased buffer 

concentration. However, there is uncertainty in the results; as one can see is the confidence 

interval very wide due to the low number of data points and overlap between the different 

buffer concentrations. 

 

Table 2 – Shows Pearson’s r and its confidence interval and R2 for each concentration. 

Conc. buffer Number of 

samples 

Confidence 

interval [95%] 

for Pearson’s r 

Pearson’s r R2 

0 mM 6 [0.803;1.000] 0.968 0.937 

25 mM 6 [0.438;1.000] 0.889 0.790 

50 mM 4 [0.493;1.000] 0.975 0.951 

75 mM 6 [0.330;1.000] 0.860 0.740 

100 mM 5 [0.108;1.000] 0.854 0.729 

 

 
Figure 10 – Correlation plot for the 1/Mw and absorbance for the concentration 100 mM buffer using the 

wavelength of 420 nm 
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5. Discussion 

 

5.1 Discolouration  
In Figure 4 and 5 it is clear that the values of absorbance increase with increasing time. This 

means that the samples got more and more discoloured the longer they were in the oven. This 

is true for all concentration of buffer and it is visible in both the dilute and non-dilute 

samples. 

 

It is clear that the yellow discolouration increase with time, see Figure 6. The longer the 

samples had been in the oven the more discoloured they got. The vials used during this 

experiment were airtight, enclosing the air at the sample preparation and throughout the time 

in the oven. The oxygen in the air can react with the Hyaluronan molecule in the sample and 

start oxidation and radical reactions. The radical reactions contribute to a more highly 

conjugated system which could result in a discoloured sample. The longer the samples were 

in the oven, the longer the oxidation reactions were allowed to occur, and that can explain 

why the samples turned more discoloured. The fact that the Hyaluronan molecule contains 

several ether groups can also contribute to a more highly conjugated system and hence to 

more discolouration.  

 

In Figure 6 it also seems that the samples with the higher concentration of phosphate buffer 

got more discoloured faster. One reason why the yellow discolouration increase with higher 

phosphate buffer concentration may depend on the oxygen atoms in the phosphate molecule 

in the buffer. Therefore, our theory is that the phosphate buffer could react as an oxidizing 

agent, that is, can accept electrons and be reduced. This indicate that the higher concentration 

of phosphate buffer in the samples, the more radical reactions could be happening in a shorter 

time. In Figure 7 it also appears that the acceleration of the discolouration has a linear 

correlation with higher phosphate buffer concentration. This may indicate that the 

discolouration is happening faster for a sample with higher phosphate buffer concentration. 

 

The exponential trend lines for 25, 50, 75 and 100 mM in Figure 6 all have a R2 value 

between 0.98 and 1.00 (see Table A2.1), which may indicate that the increase in 

discolouration is exponential. For 0 mM the fit is not quite as good (R2 = 0.80) which could 

indicate that that concentration do not follow the same mechanism as the others, but can also 

be measurement errors.  

 

The unaged phosphate buffer is colourless and give a peak in the UV-Vis spectra at 

approximately 210 nm, as can be seen in Figure A2.13. It has been assumed that the buffer 

itself does not change absorbance as it ages, but this might not be true. If the absorbance 

value changes for the buffer, all absorbance measurements have been affected by this. 

 

5.2 Molecular weight  
A trend of decreasing molecular weight with increasing time is visible in Figure 8. This is 
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expected and is in all likelihood due to the fact that the polymer chains get scissored, as 

mentioned in the theory section. It can also be seen that the molecular weight of the highest 

buffer concentration (100 mM) is the lowest one in most of the graph while the molecular 

weight for the 0 mM samples is the highest one in most of the graph. This could be an 

indication that high buffer concentrations contribute to the scissoring of Hyaluronan more 

effectively, but this thesis demand more studies to be confirmed.  

 

In Figure 9 we can see that the inverse molecular weight gives a straight line when plotted 

against the time the sample spent in the oven. This indicate that the rate of chain cleavage is 

constant. The behavior of the 0 mM curves does not look linear in version A, but when the 

two last data points are removed (version B), a linear regression is a good fit. This can 

indicate that the last two samples were different than the rest. It is possible that this is due to 

the fact that they were prepared another day than the other samples.  

 

If a molecular weight distribution had been measured, it would have given a more complete 

illustration of the degradation than only the mean molecular weight. This would have 

demanded that the measurements were made by another method, for example SEC-MALS. 

To look solely at the mean molecular weight as a measurement of the molecules degradation 

gives a rough estimation but it satisfactory for the purpose of this study. 

 

The viscometer is a precision instrument and were not used in a satisfactory controlled 

environment in these experiments. This has most likely affected the data. Also, it was not 

enough to only dilute the sample into three different concentrations after the oven.  

 

For the calculations in this study, the uncertainties in the y-axis intercept of the viscosity 

regressions are high. This was in some way counter-acted by using the mean of the intercept 

for ηred and the intercept for ηinh. The uncertainties in the measurement can clearly be seen in 

the first measuring point in Figure 8. Since that point correspond to no time at all in the oven, 

the molecular weight should be the same for all buffer concentrations.  

 

5.3 Correlation analysis  
The correlation between 1/Mw and absorbance is shown to have positive linear tendencies for 

all concentrations in the buffer series, see Figure 10. The R2 value in Table 2 indicates that 

the linear relationship is fairly strong, although the uncertainty in the estimate is high.. It can 

also be seen in Table 2 that the Pearson’s r value decreases with increased buffer 

concentration. This show tendencies that the strength of the linear relationship decreases with 

increased buffer concentration.  

 

Because of the decreasing Pearson’s r, the confidence intervals were calculated for each 

concentrations Pearson’s r. The intervals which also can be seen in Table 2, are very wide 

knowing that Pearson’s r only assume values between -1 and 1. The large confidence 

intervals are probably a result of the low number of measurements for which the correlations 

were calculated. The confidence intervals still show positive Pearson’s r values, but to further 
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indicate that there are tendencies between the absorbance at 420 nm and 1/Mw more points of 

measure would be needed for a statistically sound evaluation. 

 

Since the uncertainties in the regression are high (meaning that the linear approximation 

might not be a good one) it would not be any use to present the slope for the regressions.  

 

5.4 Conclusions  
The main conclusion from this study is that samples containing Hyaluronan and phosphate 

buffer gets discoloured after being heated. It can also be concluded that the discolouration 

take place more rapidly for samples containing more phosphate buffer. Our theory is that the 

discolouration occurs due to oxidation reactions that lead to conjugated systems in the 

polymer, but this is not confirmed in this study.  

 

It can also be concluded that there seems to be a positive correlation between 1/Mw and the 

amount of discolouration, but more studies need to be made before this correlation can be 

confirmed.  

 

6. Future experiments  

 

Firstly, it should be said that measurements with Capillary Viscometry were time consuming 

and very sensitive to environmental aspects. It is therefore our advice that another measuring 

method is used in future experiments.  

 

There are many things that can be done to further investigate the discolouration of 

Hyaluronan, both experimentally and in the form of studying literature. Other aspects than 

the concentration of phosphate buffer that can be investigated is concentration of NaOH or 

concentration of metal ions. Also, it could be interesting to investigate if the discolouration 

process is affected by the content and volume of gas inside the vial. Should the discolouration 

and degradation perhaps take more time, or not even happen at all if the gas inside the vial is 

chemically inert?  

 

Another interesting aspect would be to investigate if the yellow discolouration remains in the 

precipitated form of Hyaluronan. If the precipitated form of Hyaluronan is then dried and 

weighed a possible increase in mass can be detected, which can indicate that an oxidation has 

occurred. 
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Appendix 1 - General information  

 
Figure A1.1 - Discoloured samples from the preliminary experiments. These samples were made with two 

Hyaluronan gels with different molecular weight (1 MDa and 3 MDa). Total phosphate buffer concentration 

was 50 mM.   

 

 
Figure A1.2 - Discolouration of Hyaluronan after 69 hours in 90 oC with different concentrations of buffer. 
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Table A1.1 - Approximate wavelengths for different absorbed and observed colours. (Clayden, Greeves and 

Warren, 2012)  

Absorbed frequency (nm) Colour absorbed Colour observed 

400-435 Violet Yellow-green 

435-480 Blue Yellow 

480-490 Green-blue Orange 

490-500 Blue-green Red 

500-560 Green Purple 

560-580 Yellow-green Violet 

580-595 Yellow Blue 

595-605 Orange Green-blue 

605-750 Red Blue-green 

 

 

Table A1.2 - The x marks if a sample with the concentration have been taken out of the oven at the given time. 

All times are given in hours. 

 

 

 

 

  

 0 21 26.5 45 50 69 74 93 98 117 122 127 146 

0 mM x x  x  x  X x x x x x 

25 mM x  x  x  x X x x x x x 

50 mM x x  x x x x X x     

75 mM x x x x x x x X x     

100 

mM 

x x x x x x  X      
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Appendix 2 -  UV/VIS  

 

 
Figure A2.1 - Hyaluronan in 100 mM phosphate buffer which shows invalid data for absorbance values above 

3. 

 

 

Concentrated  

 

 
Figure A2.2 - Hyaluronan in 0mM phosphate buffer. The increase in absorption is displayed as it degradates 

over time.  
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Figure A2.3 - Hyaluronan in 25mM phosphate buffer. The increase in absorption is displayed as it degradates 

over time.  

 

 
Figure A2.4- Hyaluronan in 50mM phosphate buffer. The increase in absorption is displayed as it degradates 

over time.  

 

 
Figure A2.5 - Hyaluronan in 75 mM phosphate buffer. The increase in absorption is displayed as it degradates 

over time.  
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Diluted 

 
Figure A2.6 - A diluted sample of Hyaluronan with 0 mM phosphate buffer. The increase in absorption is 

displayed as it degradates over time. 

 

 
Figure A2.7 - A diluted sample of Hyaluronan with 25 mM phosphate buffer. The increase in absorption is 

displayed as it degradates over time.  

 

 
Figure A2.8 - A diluted sample of Hyaluronan with 50 mM phosphate buffer. The increase in absorption is 

displayed as it degradates over time.  
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Figure A2.9 - A diluted sample of Hyaluronan with 75 mM phosphate buffer. The increase in absorption is 

displayed as it degradates over time.  

 

Discolouration 

 
Figure A2.10 - Absorption against time at wavelength 380 nm.  The behavior of different concentrations during 

the discolouration can be followed.    

 

 
Figure A2.11 - Absorption against time at wavelength 400 nm.  The behavior of different concentrations during 

the discolouration can be followed.    
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Table A2.1 - The equations for the trend line in Figure 6.  

Conc. Formula R2 

0 2*10-4x1.2335 0.7957 

25 6*10-6x2.3123 0.9883 

50 4*10-6x2.5323 0.9759 

75 5*10-6*x2.5911 0.9956 

100 1*10-5*x2.4899 0.9992 

 

 

 
Figure A2.12 - The five different regressions that provides the data for Figure 7. The equations and R2-value for 

the regressions are presented in the diagrams.  
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Figure A2.13 - Different concentrations of buffer that have been diluted with 0,9% sodium hydroxide solution.  
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Appendix 3 - Capillary viscosity  

 
Table A3.1- Contain all concentrations used in the viscometry measurements of 0 mM rounded to two decimals. 

The reason for the change in concentration between the samples was that a higher concentration was needed as 

the molecules got more degradated. 

 A [g/dm3] B [g/dm3] C [g/dm3] 

0.1 0.49 0.65 0.83 

0.2 0.27 0.39 0.51 

0.3 0.63 0.93 1.18 

0.4 0.62 1.19 1.66 

0.5 0.61 1.16 1.66 

0.6 0.64 1.18 1.69 

0.7 0.64 1.24 1.67 

0.8 0.63 1.16 1.69 

 
Table A3.2- Contain all concentrations used in the viscometry measurements of 25 mM rounded to two 

decimals. The reason for the change in concentration between the samples was that a higher concentration was 

needed as the molecules got more degraded. 

 A [g/dm3] B [g/dm3] C [g/dm3] 

25.1 0.26 0.38 0.51 

25.2 0.50 0.63 0.75 

25.3 0.60 1.21 1.68 

25.4 0.60 1.19 1.67 

25.5 0.62 1.19 1.68 

25.6 0.66 1.18 1.65 

25.7 0.62 1.18 1.69 

25.8 0.64 1.17 1.69 
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Table A3.3- Contain all concentrations used in the viscometry measurements of 50 mM rounded to two 

decimals. The reason for the change in concentration between the samples was that a higher concentration was 

needed as the molecules got more degraded. 

 A [g/dm3] B [g/dm3] C [g/dm3] 

50.1 0.28 0.39 0.50 

50.2 0.27 0.38 0.50 

50.3 0.62 0.91 1.18 

50.4 0.65 1.17 1.67 

50.5 0.64 1.18 1.68 

50.6 0.66 1.17 1.66 

 
Table A3.4- Contain all concentrations used in the viscometry measurements of 75 mM rounded to two 

decimals. The reason for the change in concentration between the samples was that a higher concentration was 

needed as the molecules got more degraded. 

 A [g/dm3] B [g/dm3] C [g/dm3] 

75.1 0.27 0.39 0.51 

75.2 0.26 0.39 0.51 

75.3 0.49 0.65 0.79 

75.4 0.64 0.90 1.18 

75.5 0.63 1.18 1.66 

75.6 0.65 1.20 1.70 

75.7 0.65 1.23 1.67 
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Table A3.5- Contain all concentrations used in the viscometry measurements of 100 mM rounded to two 

decimals. The reason for the change in concentration between the samples was that a higher concentration was 

needed as the molecules got more degraded. 

 A [g/dm3] B [g/dm3] C [g/dm3] 

100.1 0.26 0.39 0.51 

100.2 0.27 0.39 0.51 

100.3 0.52 0.63 0.76 

100.4 0.63 0.92 1.24 

100.5 0.59 1.21 1.66 

100.6 0.64 1.17 1.67 

 

 

Table A3.6 - Contain seven different values of the constants in the Mark-Houwink equation.  

K α Sources  

3.460 *10-5 0.779 Bothner et al, Int. J. Biol. Macromol. 10 (1988) 287 (<Mw> under 1 M) 

3.97 * 10-4 0.601 Bothner et al, Int. J. Biol. Macromol. 10 (1988) 287 (<Mw> över 1 M) 

3.60 * 10-5 0.780 Laurent et al, Biochim. Biophys. Acta 42 (1960) 476 

2.28 * 10-5 0.816 Cleland&Wang, Biopolymers 9 (1970) 799 

5.70 *10-5 0.760 Shimada & Matsumura, Biochem 78 (1975) 513 

2.90 * 10-5 0.800 Balaz et al, Seminar in Arthritis and Reumatism', 11 (1981) 141 

9.78 * 10-5 0.690 HTL France 

 

 

Table A3.7 - The calculated values of the molecular weight for the first data point in respective graph 

in Figure 8. 

Conc. Mw (Mg/mol) 

0 mM 1.11 

25 mM 1.19 

50 mM 1.12 

75 mM 0.99 

100 mM 1.10 
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Table A3.8 - Values for the linear regressions made in Figure 9. 

Conc. Equation R2 

0 0.339𝑥 − 6.4317 

0.1251𝑥 − 1.0444 

0.643 

0.9949 

25 0.4617𝑥 − 4.381 0.8136 

50 0.412𝑥 − 2.1783 0.878 

75 0.3605𝑥 − 0.6752 0.8794 

100 0.2573𝑥 − 1.5778 0.9419 
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Appendix 4 - Correlation analysis 
 

 
Figure A4.1 – Correlation plot for the 1/Mw and absorbance for the concentration 0mM buffer using the 

wavelength of 420 nm 

 

 
Figure A4.2 – Correlation plot for the 1/Mw and absorbance for the concentration 25mM buffer using the 

wavelength of 420 nm 
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Figure A4.3 – Correlation plot for the 1/Mw and absorbance for the concentration 50mM buffer using the 

wavelength of 420 nm 

 

 
Figure A4.4 – Correlation plot for the 1/Mw and absorbance for the concentration 75mM buffer using the 

wavelength of 420 nm 

 

 


