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Abstract 

About 5% of solar radiation comes from the ultraviolet (UV) region. It carries high energy 

and can do serious damage to living organisms. The eye of animals and humans is a critically 

exposed area and contains UV absorbing compounds like proteins, tryptophan, tyrosine, 

ascorbic acid and uric acid in the aqueous humour (AH) for protection. 

In addition, an unknown component (compound X) which causes red-shift in the UV 

absorbance spectrum at 254 nm has been observed in heavily exposed species like goose, 

which migrates at 10 000 m altitude. X is a major absorber.  

UV measurements confirmed the presence of a compound in geese which has higher 

absorption at 254 nm compared to other species. Compound X also has fluorescence activity 

that resembled indole-functionality. Aqueous humour samples from different species (goose, 

chicken, turkey) were measured by nuclear magnetic resonance spectroscopy (NMR). The 

proton NMR spectra did not show any specific high abundant compound in the goose eye at 

the aromatic region compared to the other species, thus NMR could not reveal what made the 

difference between in UV absorbance. 

Mass spectrometry with atmospheric pressure photoionization (APPI) has earlier showed that 

the molar mass of the compound X could be 149 g/mole, which suggests that compound X 

might be the indole: 5,6-dihydroxyindole (DHI). DHI has a central role in the biosynthesis of 

melanin which takes place in melanocyte cells. DHI tends to easily be polymerized and one 

of the results is a notable change in its solubility. It was not possible to obtain a suitable 

external standard which did not undergo auto-polymerization, mirroring the observations 

with the isolated compound.To further test the hypothesis of DHI being compound X, 

reversed phase (RP) high performance liquid chromatography (HPLC) and hydrophilic 

interaction liquid chromatography (HILIC) were performed. Ascorbic acid co-eluted with the 

most abundant peak (compound X) in RP-HPLC. In HILIC the most abundant peak was not 

ascorbic acid. Hence, compound X is not ascorbic acid, and subsequent experiments showed 

that it was neither the UV absorbing compounds tryptophan, tyrosine or uric acid.  

After using several analytical tools, the hypothesis that compound X is 5,6-dihydroxyindole 

was strengthened. However an external standard is still necessary to provide accurate 

information.  
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1 Introduction 

The sun is often the symbol of life, and sunshine – or sunlight – is a prerequisite for life on 

Earth.  Sunlight is electromagnetic radiation which can be considered as a stream of photon 

particles.  Photons represent different levels of energy by varying the wavelength of the 

associated electromagnetic wave. The higher the wavelength the lower the energy level of 

each photon. The electromagnetic spectrum is a term used for all of the frequencies and 

wavelengths of the photons.  

About 9% of the solar radiation comes from the ultraviolet radiation (UVR) area. UVR 

carries high energy because of the relatively low wavelength (100 – 400 nm) and can be 

categorized into UV-A (400-315nm), UV-B (315-280nm) and UV-C (280nm-100nm) 

radiation. Only a part of the radiation reaches the surface of the Earth, and rest of the energy 

is absorbed or scattered on their journey by different molecules [1][2]. 

The incremental UV-B exposure that is associated with the defection of the ozone layer has 

serious consequences both in human and animal health. In humans, principal and well-

documented effects are ocular and dermatologic. Acute dermatologic events are sunburn, 

exacerbation of photosensitivity disorders or non-melanoma skin cancer in chronic cases. 

Acute ocular effects can be actinic keratitis (snow blindness) and possible reactivation of 

herpes simplex keratoconjuctivitis (corneal blindness), while chronic ocular effects are 

cataract, pterygium (surfer’s eye), pinguecula and climatic droplet keratopathy  [1]. 

 

1.1 Ultraviolet radiation and compounds with ultraviolet absorbing 

abilities 

During the visual perception, light enters the cornea and passes through the anterior chamber, 

the pupil in the iris, the lens, the vitreous humour, and images on the light-sensitive retina 

where the cells convert the imaged light into electrical signals. The information is carried to 

the brain via the optic nerve and a visual image will be perceived (Figure 1). In optimal 

conditions light has to have a free access to the retina and filtered, avoiding tissue damage by 

the UV part of the spectrum. 
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Figure 1 Cross-section of the avian globe. The figure was reproduced from Hiba! A hivatkozási 

forrás nem található.. 

The aqueous humour fills the anterior chamber bounded by the cornea, iris, and the lens. It is 

produced by cells covering the ciliary body which is located at the base of the iris  [2]Hiba! A 

hivatkozási forrás nem található.. Flow dynamics of the aqueous humour have already been 

studied in various species earlier, but other functions of this solution came into focus later. 

Now it is a fact that the eye lens is dependent on the aqueous humour for uptake and release 

of metabolic components just as nutrition of the cornea and maintenance and regulation of the 

intraocular in all vertebrate eyes. The solution is biochemically complex and the composition 

is not fully understood. 

Identified UV-absorbing substances in the aqueous humour are mainly proteins, amino acids 

(tryptophan and tyrosine), ascorbic acid and uric acid depending on the behaviour of the 

species and the environmental conditions  [5]. 

The ascorbic acid level in the aqueous humour is high in humans and most of the mammalian 

animals  [6]. In diurnal birds the ascorbic acid concentration in the aqueous humour is low and 

instead uric acid has a role of a potential UV absorbing substance Hiba! A hivatkozási 

forrás nem található.. 

To evaluate the UVR absorbance in the aqueous humour of various animal species, native 

and mock (artificially made) representatives of all five classes - fish, amphibian, reptile, bird 

and mammal - have been analysed. The conclusion was that the UV absorbance of aqueous 
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humour is independent of class and shows correlation between the concentration of the UV 

absorbing compound and the exposure of the animal to high-dose UV radiation. Some of the 

species showed a red-shift (displacement of the absorbance curve towards the red end of the 

spectrum) of spectrum in the native compared to the mock. To explain the reason for the 

striking differences between native and mock AH from some birds, such as chicken, ostrich, 

duck and goose were further examined by HPLC-UV (Figure 2).  

 

Figure 2 UV-chromatograms at 254 nm of goose, duck, ostrich and chicken aqueous humour samples 

using reversed phase liquid chromatography (1: uracil, 2: uric acid, 3: hypoxanthine, 4: inosine, x: 

compound X). The figure was adapted from [5], axis titles and chemical formulas edited by the author 

of the thesis.  

A large peak dominates the goose eye AH chromatogram, an unknown UV-absorbing 

compound - compound X - which caused a high, red-shifted UV-absorbance spectrum. AH 

from all of the examined birds (goose, duck, ostrich, chicken) show sign of this substance but 

it is highly concentrated in the heavily exposed species like goose, which migrates at 10 000 

m altitude  [5]. UV-B shows a steady increase both globally and directly with the altitude and 
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indicates that there may be a connection between the altitude and the concentration of 

compound X in bird aqueous humour Hiba! A hivatkozási forrás nem található.. 

1.2 Is compound-X 5,6-dihydroxyindole? 

Based on the earlier studies, compound X is a small, polar compound with a red-shift in the 

UV absorbance spectrum from 254 nm and it might have the molar mass of 149 

g/mole  [5] [9]. 

The author of this thesis speculates a possible candidate for compound X is 5,6-

dihydroxyindole (DHI), which has a central role in the melanin synthesis (Figure 3). 

Melanins are responsible for various pigmentations in man, mammals and birds Hiba! A 

hivatkozási forrás nem található. and can be found in skin, hair, the feather of birds or in 

the eyes. It provides protection against solar radiation at a wide range of 

wavelengths  [12][14]. 

 

 

 

Figure 3 Melanin synthesis, formation of DHI. The figure was adapted from [13]. 
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The dark (blackish-brownish) insoluble eumelanins (just as the redish-yellowish 

pheomelanins) are generated by an enzymatic process, where tyrosine transforms into 

dopaquinoneHiba! A hivatkozási forrás nem található. [15]. After several steps of the 

process, melanins are formed and the polymeric structure includes DHI as building stones 

Hiba! A hivatkozási forrás nem található.. 

The melanin formation occurs in cells called melanocytes. Melanocytes can be found in the 

epidermis (outer layer of the skin and hair, and feather grow from here, too), in the brain 

(mammalians) and in the iris of the eye (Figure 4) Hiba! A hivatkozási forrás nem 

található.Hiba! A hivatkozási forrás nem található..  

 

 

 

Figure 4 Cross-section of the iris. The figure was reproduced from  [17] and text added by the author 

of the thesis.  

The anterior limiting layer is right next to the anterior chamber, which gives place for the 

aqueous humour including various UV absorbing compounds  [17]. The proximity of the 

melanocytes and the anterior chamber indicates the possibility that DHI might be transferred 

from the iris to the anterior chamber and participate in the absorption of UV radiation. The 

exact structure of eumelanin has not been determined yet. 

DHI is a white-greyish crystalline, soluble in alcohols and acetone, less soluble in acetonitrile 

(ACN), ethyl-acetate (EtOAc), dimethyl sulfoxide (DMSO), tetrahydrofuran (THF), water, 
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and barely soluble in hydrocarbons. It is prone to auto-oxidation and the result is a black-

brownish polymer (melanin) which is not soluble in the above mentioned solvents anymore. 

The only exception is the DMSO, which is slowly able to dissolve the polymer Hiba! A 

hivatkozási forrás nem található.. 

 

2 Potential tools for aiding the identification of unknown 

compounds 

Several potential tools exist that might help in the characterization and structure 

determination of compound X, and some of these are described below. 

 

2.1 Ultraviolet- and visible light spectroscopy 

When an organic molecule is irradiated with electromagnetic energy - depending on its 

energy - the radiation either passes through or will be absorbed  [19].  

The absorbed energy depends on the chromophore, which is a group of atoms in the molecule 

responsible for the absorption. Hiba! A hivatkozási forrás nem található.. With UV 

radiation the absorbed energy promotes an electron from a lower energy orbital to a higher 

energy one in a conjugated molecule. The energy gap between the two orbitals of a certain 

molecule indicates which wavelength of the UV light is required to accomplish the electronic 

transition. The amount of UV light absorbed – at a certain wavelength by a particular 

substance – is expressed as the sample’s molar absorptivity (ε). ε is a physical constant, 

characteristic of the particular substance and tells how much light is absorbed on a certain 

wavelength by a certain compound. Molar absorptivity is included in Beer-Lambert law, 

which is the heart of spectrophotometry and can express the absorbance of the sample. 

 

A=εbc, 

 

Where A is the absorbance, b is the pathlength of the light through the sample and c is the 

concentration. A UV spectrum is quite simple, often only a single peak (a graph where A 

varies with the wavelength). However, the peak is normally broad and identified by the 

absorption maximum which is the top of the peak (λmax)  [20]. 
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UVR covers the spectrum from 100 nm to 400 nm. The visible region of the electromagnetic 

spectrum is right next to the ultraviolet region, approximately from 400 to 800 nm. 

Compounds can have such extended systems of conjugation that their “UV” absorptions 

extend into the visible region (absorption at higher wavelengths). 

 

Parent systems are defined with a certain UV absorbance and in addition substituents can 

contribute to this value which is also dependent of the position of the functional group 

(Figure 5). Important to note that certain solvents have a UV-Vis absorbance cut-off. Below 

this wavelength the solvent itself absorbs all the light. On figure 6 different spectra can be 

seen to compare how the absorbance can shift depending on the structure [22].  

 

Figure 5 Aromatic parent systems, increments and solvent cut-offs for theoretical determination of 

UV-Vis absorbance. The figure was adapted from [22].  
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Figure 6 Examples for UV-Vis spectra of aromatic compounds. The figure was adapted from [22]. 

 

In a spectrophotometer light from source passes through a monochromator and a narrow band 

of wavelength will be selected. The monochromatic light travels through the sample holder 

which contains the liquid sample.  [19] [20]. Modern instruments can record the entire 

spectrum of a sample in a fraction of a second by scanning and measuring more wavelengths 

at the same time (diode array detector) Hiba! A hivatkozási forrás nem található.. 

Some of the instruments (Figure 7) make possible to measure smaller amounts of the sample 

(1 – 2 µL). The sample is pipetted onto a measurement pedestal and forms a bridge between a 

source fiber optic cable – which is embedded in the pedestal – and a receiving fiber optic 

cable (in the pedestal). Light from a pulsed xenon flash lamp passes through the sample and 

will be measured by a linear charged coupled device (CCD) array detector NanoDrop Hiba! 

A hivatkozási forrás nem található.. 
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A disadvantage of UV-Vis spectroscopy is that it is not the most specific technique. However 

it can give an idea about where to start the characterization of an unknown compound.   

 

 

Figure 7 NanoDrop 2000 instrument. 

 

2.2 Fluorescence spectroscopy 

To get more information about the light absorbing properties of an unknown compound, 

fluorescence spectroscopy can be employed. As mentioned before, by absorbing a photon the 

energy of the molecule will increase and be promoted to an excited state. The energy can be 

decreased by emitting a photon and the molecule will go back into a ground state. During an 

electronic transition, an electron moves from one molecular orbital to another with an energy 

increasing or decreasing in the molecule. Figure 8 shows the physical processes that can 

occur after absorbing UV or visible light. If the absorption promotes an electron from S0 

ground electronic state to S1 excited state, the first process is normally a non-radiative 

transition, so called vibrational relaxation (R1). The electron will be on the lowest vibrational 

level of S1.  During the transition the vibrational energy is transferred to other molecules.  
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Figure 8 Principle of fluorescence, produced from Hiba! A hivatkozási forrás nem található..  

 

The relaxation of the molecule from S1 to S0 can also occur with light emission and called 

fluorescence Hiba! A hivatkozási forrás nem található.. For simple indoles near-UV 

excitation can populate both the 
1
La and 

1
Lb states. Fluorescence of indoles in polar solvent 

can occur from both, but emission only from the 
1
La state was observed with excitation 

wavelength at 286 nm of the 
1
Lb  1A band of indole or tryptophan. Shifts on the spectra are 

highly solvent dependent and their origin has been much discussed [26]. 

Figure 9 represents a fluorescence spectrophotometerHiba! A hivatkozási forrás nem 

található.. The first monochromator selects the excitation wavelength (λex) while the second 

is there to choose the emission wavelength (λem). One excitation wavelength is chosen and 

the emitted radiation is scanned through, creating an emission spectrum. By going through on 

a certain range of excitation wavelengths step by step (e.g. 2 nm per step) and scanning the 

emitted radiation at every step, a three dimensional spectrum can be produced. In the 

spectrum one axis will represent the excitation wavelengths, while the other the emission 

wavelengths. The emission wavelength always has to be higher than the excitation 

wavelength Hiba! A hivatkozási forrás nem található.. 

A disadvantage of the technique is similar to that of UV, namely not giving detailed 

information, but only hints about the structure.  
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Figure 9 Schematic diagram of a fluorescence spectrophotometer. The figure was reproduced from 

Hiba! A hivatkozási forrás nem található.. 

 

2.3 High performance liquid chromatography 

Thus for identification, other tools are necessary e.g. to separate the different UV absorbing 

compounds from each other. Chromatography is a powerful tool to separate mixtures into 

their components.   

High-performance liquid chromatography (HPLC) is a chromatographic technique where 

high pressure is used to force a solvent through a column packed with fine particles. The high 

performance is obtained because these fine particles give lower plate height than larger 

particles, thus high efficiency of the column Hiba! A hivatkozási forrás nem található.. 

2.3.1 Reversed phase chromatography  

In reversed phase chromatography, the stationary phase (SP) is hydrophobic, in this case non-

polar groups (C18) (Figure 10) chemically bonded to totally porous silica particles, while the 

mobile phase (MP) is a polar solvent mixture, mainly including water (or aqueous buffers) 

and a water-soluble organic solvent like MeOH or ACN, with pH control Hiba! A 

hivatkozási forrás nem található.. Special features like a unique C18 bonded phase with 

integral polar functionality can increase the selectivity by its resistance to phase collapse, 

even with 100% water mobile phase (ACE-AQ C18) [28]. 
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Figure 10 Chemically bonded stationary phase with C18 group (the whole surface of the totally 

porous particle is covered with groups).  

 

2.3.2 Porous graphitic carbon chromatography 

Porous graphitic carbon (PGC) in chromatography is used as a hydrophobic adsorbent. It has 

strong dipolar and electron lone pair interactions with polar analytes. Typical mobile phase 

can be the mixture of alcohols and aqueous buffers, as in RP chromatography Hiba! A 

hivatkozási forrás nem található.. It can retain hydrophobic-, but also very polar 

compounds. It can be an advantage and might provide a different selectivity.   

Columns with PGC material available as mechanically strong, small totally porous particles 

with the brand name Hypercarb columns. The surface of the porous particles is composed of 

flat sheets of hexagonally arranged carbon atoms. The retention mechanism of the Hypercarb 

column is a combination of two interactions. One is the dispersive interactions between the 

analyte and the graphite surface. If the compound is planar, it can align itself close to the 

surface. It leads to more interaction, hence higher retention. A non-planar molecule cannot 

get align itself that close which leads to less interaction and lower retention (Figure 11). The 

other interactions are charge induced interactions between the polar analyte and the 

polarizable graphite surface. The type of functional groups can affect the strength of the 

interaction Hiba! A hivatkozási forrás nem található.. 
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Figure 11 Schematic representations of dispersive interactions between the analyte and the graphite 

surface and the charged induced interactions between analyte and graphite surface. The figure was 

adapted from  [9].  

 

2.3.3 Hydrophilic interaction liquid chromatography  

Hydrophilic interaction liquid chromatography (HILIC) is a chromatographic principle for 

small polar and ionizable compounds which have a poor retention on reversed phase.  

Combined with reversed phase it provides orthogonality and better selectivity Hiba! A 

hivatkozási forrás nem található. [29]. HILIC is increasingly used for determination of 

hydrophilic compounds in biological matrices. Trends in HILIC are accompanied with 

smaller particle sizes and miniaturization of the column [30]. 

The mobile phase contains high concentrations of organic solvent (typically ACN, 60-97%) 

and low concentration of aqueous buffer (3-40%). This results a low viscosity (especially 

with ACN) and low backpressure. Compared to RP-LC, the elution order is normally 

reversed.  

The retention mechanism is still not fully understood. According to the main theory, 

separation occurs by partitioning of the analyte between immobilized water layer on the 

Dispersive interactions 

between analyte and graphite 

surface 

Charge-induced dipole at 

the graphite surface 
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surface of solid support and the MP. Other suggestions are that adsorption by hydrogen 

bonding and dipole-dipole interactions also contribute to retention. Compared to RP-LC, 

HILIC provides lower peak capacity and it is less robust.  

 Zwitterionic (ZIC) columns are often used to perform HILIC chromatography. A typical 

ZIC-HILIC “column” has sulfobetaine groups attached to porous silica or polymeric base 

material (ZIC-pHILIC) (Figure 12).  

 

Figure 12 ZIC-HILIC “stationary phase” with sulfobetaine group(s) on silica surface. 

 

The negatively charged sulfonic acid and positively quaternary ammonium groups together 

give approximately a net charge of zero which results in the water being strongly bonded to 

the surface. The pH and the ionic strength of the buffer can affect the retention time and the 

selectivity  [30].  

The limits of LC-UV is that it is not easy to identify the compounds, especially without 

external standard.  

 

2.4 Mass spectrometry  

Mass spectrometry (MS) is a technique for determining the mass-to-charge ratio (m/z) and 

abundance of ions which are moving in a vacuum with high speed  [31]. It is also possible to 

gain information about its structure. The compound has to be ionisable and able to turn into 

gas phase. After the ionization of the analyte, the ions enter the mass analyser. Several types 

of mass analysers exist with different working principles with the reason to separate/sort the 

ions before they enter into the detector. The mass spectrum will display signal as a function 

of m/z of the ions. The pumps ensure the high vacuum (low pressure) to increase the ion 

mean free path, so ions can reach the detector without collisionHiba! A hivatkozási forrás 
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nem található.[33]. To ionize the analye, various type of ionization sources can be 

employed. Here only a few of those will be discussed. 

2.4.1 Electrospray ionization 

Electrospray ionization (ESI) is suitable for compounds with polar groups which tend to be 

ionized. The ionization most often occurs in the mobile phase and it is controlled by pH 

adjustment. The ESI process is carried out at atmospheric pressure. Liquid enters the steel 

capillary while a high voltage is applied on the capillary to accumulate the charges. If 

positive charge is applied (typically +5 kV), the negative charges will be attracted to the 

capillary wall and the positive charges will be accumulated in the droplets at the outlet of the 

capillary. If negative charge is applied, the opposite will happen and the negative charges will 

be accumulated in the droplets. To support the formation of droplets, a nebulizing gas 

(mainly N2) is mixed at the outlet. In addition dry gas is also introduced – against the flow – 

to remove solvent from aerosol particles.  The charged liquid exits from the capillary in a 

cone form (Taylor cone) then a fine filament before breaking into fine droplets. The highly 

charged droplets explode by the repulsive forces and the process repeats itself until achieving 

ions in gas phase (Figure 13) Hiba! A hivatkozási forrás nem található.Hiba! A 

hivatkozási forrás nem található.. 
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Figure 13 Electrospray interface for MS. The figure was reproduced from  [32]. 

2.4.2 Atmospheric pressure photoionization 

Atmospheric pressure photoionization (APPI) is used in case of nonpolar compounds. The 

mobile phase enters a heated (500 °C) inlet through a capillary and all solvent and solutes 

will be vaporized (Figure 13). The nebulizer gas is nitrogen. Photons are produced by a UV 

lamp and can ionize the analyte by energy transfer which results in molecular radical ion. It 

attracts the H-s from the solvent (e.g. MeOH), and they form the [M+H]
+
. Another way to 

ionize the analyte is the use of dopant molecules (e.g. toluene). Dopant molecules are ionized 

by the UV source, forming radical cations (D
.+

) which can ionize the molecule Hiba! A 

hivatkozási forrás nem található.Hiba! A hivatkozási forrás nem található.. 

 

Figure 13 Photoionization using UV light on the analyte. The figure was reproduced from Hiba! A 

hivatkozási forrás nem található.. 

 

2.4.3 Quadrupole mass analyser 

The mass analysers are the hearts of the mass spectrometer and they separate ions by mass-to 

charge ratio. A quadrupole mass analyser has four hyperbolical or cylindrical rod electrodes. 

The opposite pairs of these rods are held at the same potential and they are composed from an 

AC and a DC component (Figure 15).  

When an ion enters the analyser, one rod will attract it, while the opposite will repulse the 

ion. If the applied voltage on the rod is periodic, this attraction – repulsion will alternate in 
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time. With a given set of applied voltage the overall ion motion can lead to a stable trajectory. 

This can result a stable trajectory and ions with a certain m/z can pass the quadrupole  [34]. 

 

 

Figure 15 Schematic presentation of a linear mass quadrupole analyser. The figure was reproduced 

from  [34]. 

 

2.4.4 Orbitrap mass analyser 

The Orbitrap is an iontrap which consists of two types of electrodes; the outer barrel-like 

electrodes (isolated by a quartz ring) and a spindle-like central electrode (Figure 16). Ions are 

injected and trapped in an orbital motion around the central electrode. Beside the electrostatic 

attraction towards the central electrode, a centrifugal force also arises from the initial 

tangential velocity of ions and keeps them orbit. The outer electrodes are used for detecting 

the image current of the axial oscillations. The image current in time domain is converted into 

frequency domain by using Fourier transformation. All Orbitrap analysers have a so-called C-

trap, which is a bent quadrupole to cool and store the ions  [36]Hiba! A hivatkozási forrás 

nem található..  
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Figure 16 Cross section of the Orbitrap analyser. The figure was reproduced from  [38]. 

2.4.5 Time-of-flight mass analyser 

The essential principle of time-of-flight MS (TOF-MS) is that ions are moving in the same 

direction with a nearly constant kinetic energy and their velocity is inversely proportional to 

the square root of their m/z Hiba! A hivatkozási forrás nem található.. Ions enter the 

analyser and a pulse source accelerates the ions with a large potential difference and this 

gives them a very similar kinetic energy. The lighter ions travel faster so they have a shorter 

flight-time than the heavy ions. To get a better resolving power the ions are turned around by 

the reflectron, increasing their travel path. Ions with the same mass will reach the detector at 

the same time (Figure 17) Hiba! A hivatkozási forrás nem található. [32].  Disadvantages 

of the MS, that it does not give a whole structure and it can be difficult to ionize certain 

compounds.  

 

Figure 17 Linear TOFMS instrument with a single acceleration stage. The figure was reproduced 

from Hiba! A hivatkozási forrás nem található.. 

 

2.5 Nuclear magnetic resonance spectroscopy 

Nuclear magnetic resonance (NMR) spectroscopy is a method for detailed structure 

determination which is mapping the carbon-hydrogen framework of molecules.  

The nucleus is the central core of an atom. It consists of protons and neutrons and therefore 

has a positive charge. The nuclei are spinning around an axis and many kinds of them (which 

have an odd number of protons or odd number of neutrons or both) behave like a magnet. 

They interact with the external magnetic field and the other way randomly oriented spins will 

have a specific orientation, which can be a parallel (so-called α-spin state) or antiparallel 

orientation (β-spin state) to the external magnetic field (Figure 18).  
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Figure 18 Parallel and antiparallel orientations of the proton to the external magnetic field. 

The parallel orientation has a lower energy (more stable) and it is favoured over the 

antiparallel one. When the nuclei in the magnetic field are irradiated with electromagnetic 

radiation at a certain frequency, energy absorption happens. The lower-energy state spin-flips 

to the higher energy state and the nuclei will be brought into resonance with the applied 

electromagnetic radiation. Different nuclei require different energies to bring them into 

resonance. The absorption frequency is not the same for all type of nuclei. The electrons in 

the molecule can shield the nuclei with their own local magnetic fields, and thus the effective 

field felt by the nucleus is slightly weaker than the applied field.  

 

                                                      B effective = B applied – B local     

 

Because of the slightly different electronic environment, the effective magnetic field around 

the nuclei is also a bit different. These small differences in the effective magnetic field can be 

detected and make it possible to see a different signal for all nucleus. Important to note, that 

all nuclei requires different energy to spin-flip the different kinds of nuclei and because of 

this, two different types of nuclei cannot be observed at the same time, they have to be 

recorded separately  [39].  

 

 

 

Magnetic 

field 
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Fourier transform NMR spectrum 

Two different techniques exist for recording NMR spectra. In the older technique, the 

frequency of field is appropriate for the chemical shift range of the nucleus. A continuously 

increasing (or decreasing) radio-frequency is applied. The duration of this procedure takes 

long. The newer technique is called FT technique. Here the whole of the Larmor frequency of 

the observed nucleus (Larmor frequency: in external magnetic field, it is the rate of 

precession of the proton’s magnetic moment It is dependent on the magnetic field strength) is 

excited by a radiofrequency pulse. This causes transverse magnetisation to build up in the 

sample. When excitation stops, the transverse magnetisation decays exponentially decaying 

alternating voltage (free induction decay, FID). The result of several exponentially decaying 

alternating voltages is the pulse interferogram. There is a difference between the individual 

Larmor frequency for every nucleus and it is expressed in the frequencies of each alternating 

voltage.   The Larmor frequency spectrum is produced with Fourier transformation (FT) and 

individual for all type of nucleus. The main advantage of the technique is that it is fast, thus 

many interferograms can be accumulated and they can average out the electronic noise  [40]. 

The proton NMR spectrum 

The spectrum provides signals which represent the necessary energy to bring the hydrogens 

into resonance. The effective field strength felt by the hydrogen is shown on the horizontal 

axis of the spectrum while the vertical axis represents the intensity of the absorbed energy. 

Each peak represents one or more hydrogens in the molecule. If more hydrogens have the 

same electronic environment (they are chemically equivalent), will they be seen as one peak 

(they overlap).  

Hydrogens which are not shielded by many electrons (deshielded) are affected stronger by 

the external magnetic field and need higher energy to bring them into the β-spin state. 

Shielded hydrogens are lesser affected by the magnetic field (they are shielded by electrons) 

and less energy is needed to bring them into resonance. The deshielded peaks are more 

downfield (further from 0) and the shielded peaks are more upfield (closer to 0) (Figure 19) 

[40]. 
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Figure 19 Downfield and upfield positions on the NMR spectrum. 

 

Chemical shifts  

The positions of the hydrogens on the spectrum are called chemical shifts.  

The NMR spectrum has to be calibrated, using a so called delta (δ) scale. 1 δ equals 1 part-

per-million (1ppm) of the spectrometer operating frequency (Hz). Many types of instruments 

exist with different type of magnetic field strength. To avoid the variation between chemical 

shifts in different instruments, absorptions are expressed in relative terms, so δ unit is 

constant and unique for every compound. 

 

δ = 
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑟𝑜𝑚 𝑇𝑀𝑆 𝑖𝑛 𝐻𝑧 (𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 𝑠ℎ𝑖𝑓𝑡)

𝑆𝑝𝑒𝑐𝑡𝑟𝑜𝑚𝑒𝑡𝑒𝑟 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑖𝑛 𝑀𝐻𝑧
 

 

To set the zero point of the spectrum, tetramethylsilane (TMS) is used. It has one single peak, 

the hydrogens are extremely shielded and that is why it is upfield to all compounds which are 

normally found in organic compounds. For determining the chemical shifts some general 

rules can be followed: Electronegative atoms bonded to the same carbon atom as the 

hydrogen attract the electrons, so the hydrogen will be more deshielded and more downfield 

on the chart. Tertiary hydrogens are more shifted than secondary and secondary hydrogens 

are more shifted the primary hydrogens (compared to TMS). Hydrogens bonded to sp
3
-

hybridized carbons absorb at higher fields and hydrogens bonded to sp
2
-hybridized carbons 

absorb at lower fields  [39]. 
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Benzene ring chemical shifts 

Benzene rings have a resonance structure. The π electrons circulate around the ring and by 

this moving they create a magnetic field. This magnetic field is adding to the applied 

magnetic field, and the result will be a higher effective magnetic field (Figure 20).  A higher 

magnetic field means that the molecule is more deshielded (more downfield) and it requires 

higher energy to bring the benzene molecule into resonance. The phenomenon is called 

diamagnetic anisotropy and it has a powerful shifting effect. Thus protons in benzene rings 

show up normally between 6.5 - 8 ppm  [39].  

 

 

Figure 20 Structure of the benzene ring. 

 

Spin-spin coupling in 
1
H NMR 

Hydrogens with the same electronic environment are equivalents and will be seen as one peak 

at the spectrum. However, the absorption of the protons often splits into multiple peaks 

(multiplets). Splitting has an N+1 rule, where N is the number of neighbouring hydrogens (If 

the neighbouring hydrogens are different types with different environment, N+1 rule does not 

work) [42]. 

NMR is a powerful technique for structure determination but the sensitivity might not be high 

enough to see all components in a mixture. 
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3 Aim of the study 

 The aim of this study was to test the hypothesis that compound X is 5,6 dihydroxyindole. To 

test the hypothesis, various analytical techniques and methods were used, including UV-Vis 

spectroscopy, fluorescence spectroscopy, HPLC with three different stationary phases, mass 

spectrometry and NMR. Combining these tools can give a better understanding of compound 

X and help to confirm or reject the hypothesis.  
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4 Experimental 

4.1 Chemicals 

4.1.1 Standards, solvents, reagents and samples 

Methanol (MeOH) 100%, ethanol (EtOH) 99.98%, tetrahydrofuran (THF) 100% and 

acetonitrile (ACN) 99.9% were purchased from VWR (Radnor, PA, USA) while uracil ≥ 

99.0%, L-ascorbic acid  99%, uric acid ≥ 99%, dimethyl sulfoxide (DMSO) 99.7%, hydrogen 

peroxide  ≥ 35%, ammonia (NH3) 31.1%, formic acid (FA) ≥ 95%, trifluoroacetic acid  

(TFA) ≥ 99%, potassium hydroxide pellets (KOH) ≥ 85% and 1,2-dihydroxiindole (DHI1) 

95% were from Sigma Aldrich (St. Louis, MO, USA). 1,2-dihydroxyindole (DHI2) 97% was 

from Santa Cruz Biotechnology (Dallas, TX, USA). Hydrochloric acid 37%, sodium 

hydroxide ≥ 99%, triethylamine (TEA) ≥ 99% and potassium dihydrogen phosphate ≥ 99.5% 

were purchased from Merck (Kenilworth, NJ, USA).  Deuterated water, 3-(trimethyl-

silyl)propionic acid-d4 (98 atom % D), and dimethyl sulfoxide-d6  (DMSO-d6) D 99.9% were 

from Cambridge Isotope Laboratories (Andover, MA, USA). Nitrogen gas as nebulizing 

gas/fragmentation gas in the MS ≥ 99.999% was from AGA (Oslo, Norway), helium and 

nitrogen gas for NMR instrument from PRAXAIR (Oslo, Norway). The purity and producer 

of sodium azide (NaN3) were unknown and was obtained from the Organic Chemistry Group 

at UiO.  

Type 1 water (t1 water) (resistivity of 18.2MΩ•cm at 25°C) was from a Milli-Q Integral 

purification system with Q-POD (0.22 µm filter) dispenser from Millipore (Darmstadt, 

Germany). Goose-, turkey- and chicken aqueous humour (AH) were obtained from Holte 

Gården (Drangedal, Norway). 

 

4.1.2 Solutions 

1M NaOH was prepared from 4.0 g NaOH diluted to the final volume of 100 mL with t1 

water and was further diluted to 0.1M NaOH. A 0.1% solution of NH3 in t1 water was made 

by diluting 10 µL of NH3 to 10 mL in volumetric flask. 

The 100 µg/mL ascorbic acid standard solution was always freshly made by mixing 0.01 g 

ascorbic acid with t1 water to a final volume of 100 mL. The 100 µg/mL uric acid standard 

solution was made by solving 0.01 g uric acid in 100 mL water, pH adjusted to 9 with 0.1M 
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NaOH while 100 µg/mL uracil standard solution was made by mixing 0.01 g uracil with t1 

water to a final volume of 100 mL.  

Solution of tyrosine and tryptophan (1 mg/mL in water each) were made by a fellow student.  

as a ready-to-use 1 mg/mL solution in water from a fellow student and was further diluted to 

100 µg/mL and 10 µg/mL solutions. 

The NMR buffer was prepared from KOH pellets, D2O, KH2PO4, TSP and NaN3. 

Mobile phases for LC-UV were prepared by diluting the organic solvents with t1 water, 

proportions were depending on the analysis (99/1, 85/15, 80/20, v/v).  

 

4.1.3 Preparation of samples 

LC-UV 

Aliquots of 1 mL of AH were subjected to protein precipitation with 2 mL ice-cold ACN and 

centrifugation at 12 000 revolution per minute (RPM) for 10 minutes. The supernatant was 

collected with an automatic pipette into a vial and the solvent was evaporated. The dried 

samples were resolved in 250 µL mobile phase.  

Solution of 1 mg of DHI1 in 0.5 mL DMSO and 1 mg of DHI2 in 1 mL DMSO or in 1 mL 

EtOH were prepared. The latter solution was centrifuged and the supernatant was transferred 

into a vial with a pipette.  

For the oxidation experiments the dried sample was mixed with 0.5 mL 0.1% NH3/water, 

heated to 80 ºC while stirring, added H2O2 ≥ 35% and shaking for 2.5 hours with constant 

temperature at 700 RPM. Subsequently the solvent was evaporated and the sample was 

resolved in 250 µL t1 water or 0.5 mL DMSO. 

Samples in water were kept at -80 ºC and samples in DMSO-d6 were kept at 0-4 ºC between 

measurements.  

 

UV-Vis 

Aliquots of 1 mL of AH were evaporated and dried samples were dissolved in 0.5 mL 

DMSO. Samples in water were kept at -80 ºC and samples in DMSO were kept at 0-4 ºC 

between measurements.  
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ESI-MS 

The original sample of AH (1mL) was dissolved after evaporation in 0.5 mL t1 water with 

0.1% addition of FA. Sample was kept at -80 ºC. 

APPI-MS  

Compound X was collected with LC-UV system I (see 4.3) with a flow of 3 mL/min. Mobile 

phase consisted of 99% water and 1% MeOH, including 0.1% HA.  Injection volume was 5 x 200 µL. 

The solvent was evaporated to dryness and the sample re-dissolved in MeOH/t1 water 50/50, 

v/v mixture.  The sample was kept at -80 ºC. 

NMR 

For 1D 
1
H and 2D 

15
N analyses 540 µL AH were mixed with 60 µL NMR buffer (pH 7.4) 

while for the 
31

P experiments 630 µL AH with 70 µL NMR buffer were used. 

Samples in water were kept at -80 ºC and samples in DMSO-d6 were kept at 0-4 ºC between 

measurements. 

 

Fluorescence spectroscopy 

Compound X fraction was collected from LC-UV system I with the usual parameters, except 

that 0.1% formic acid was excluded. A single injection of 200 µL was used. Because of the 

high flow rate, 3 Eppendorf vials were filled up with the fraction. The solvent was evaporated 

and the sample was re-dissolved in 1 mL t1 water. 350 µL of sample including 1 µL 4-(2-

hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) buffer (pH 7) was pipetted into the 

cuvette.  

 

4.2 Materials and equipment 

Containers 

Samples were allocated into 1.5 mL “Safe-Lock” tubes from Eppendorf (Hamburg, 

Germany). 

Syringes and pipettes 

For sample injection, a 250 µL glass syringe from SGE Analytical Science (now: Trajan 

Scientific and Medical, Melbourne, Victoria, Australia) and a 500 µL glass syringe from 

Hamilton (Reno, NV, USA) were used. Finnpipettes with various ranges (0.2-2 µL, 20-200 

µL, 100-1000 µL) were purchased from Thermo Fischer Scientific (Waltham, MA, USA). 
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NMR tubes 

NMR was carried out in 5 mm diameter Boroeco-5-7 tubes from Deutero (Kastellaun, 

Germany). 

Connections and couplings 

Polyetheretherketone (PEEK) and stainless steel tubings were purchased from IDEX Health 

and Science (Oak Harbor, WA, USA) while 1/16” stainless steel unions, nuts and PEEK 

ferrules were from Vici Valco (Houston, TX, USA). Supelco PEEK fitting one-piece 

fingertight nuts were from Sigma Aldrich. ES 542 stainless steel nanobore emitter (20 µm ID 

x 40 mm) from Thermo Fischer Scientific was used with Upchurch PEEK Microtight
®

 

Connector Butt, MicroFingertight I Fittings and Upchurch Microtight
®
 Tubing Sleeve with 

the ID of 360 µm from Sigma Aldrich. Fused silica capillaries were from Molex (Lisle, IL, 

USA) with 20 µm, 75 µm, 176 µm and 259 µm inner diameter (ID) and 360 µm outer 

diameter (OD). 

Other equipment 

A concentrator Plus from Eppendorf (Hamburg, Germany) was used to concentrate/dry 

samples, while a PHMT Thermoshaker from Grant-Bio (Cambridge, UK) was used for 

shaking/warming. A DeltaRange analytical balance (AE166) from Mettler-Toledo 

(Columbus, OH, USA) was used for all the weighing and a 877 Titrino Plus pH meter with a 

combination pH electrode from Metrohm (Herisau, Switzerland) was used for pH adjustment. 

 

4.3 Liquid chromatography with ultraviolet detection 

4.3.1 Instrumentation  

 The LC-UV system I consisted of a PerkinElmer series 200 HPLC pump (Perkin Elmer, 

Waltham, MA, USA), a Rheodyne 6-port-2-position valve injector (Idex Health and Science 

LLC, Oak Harbor, WA, USA) equipped with a 20 µL stainless steel loop, a Waters
TM

 486 

Tunable Absorbance Detector (Waters, Milford, MA, USA) with a 15 µL flow cell and a PE 

Nelson 900 Series Interface (Perkin Elmer). Various types of commercial columns were used 

such as ACE AQ HPLC column 10 mm x 250 mm, 5 µm diameter particles (Advanced 

Chromatography Technologies Ltd, Aberdeen, Scotland, UK) and Hypercarb column 2.1 mm 

x 150 mm, 3 µm particles (Thermo Fischer Scientific. The Hypercarb column regeneration 
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was performed with Agilent 1100 series HPLC pump (Agilent technologies, Santa Clara, CA, 

USA). 

For HILIC measurements LC-UV system II was used and consisted of an Agilent 1100 Series 

HPLC pump, a Vici Valco 6-port-2-position valve injector equipped with a 5 µL stainless 

steel loop, a Knauer UV-detector K-2600 (Knauer, Berlin, Germany) equipped with a 7 nL 

flow cell, and a PE Nelson 900 Series Interface. The analytical column was a silica based, 

zwitterionic (ZIC) HILIC 1 mm x 150 mm micro LC column with 3.5 µm particles from 

SeQuant (now Sigma-Aldrich). 

For obtaining chromatograms a personal computer with Intel Pentium 4 CPU (2.00 GHz), 

512Mb of RAM, Microsoft Windows XP professional (Service Pack 3) and TotalChrom 

Navigator 6.2.1 software from Perkin Elmer was used.  

 

4.3.2 Mobile phases and flow rates 

Table 1 includes the different settings sorted by column types. UV detection was carried out 

at 254 nm.  

Table 1 Settings for LC-UV measurements  

 

Column 

 

Mobile phase Flow rate 

ACE AQ C18  

10 mm x 150 mm, 

5 µm particles 

 

MeOH/t1 water 1/99, v/v mixture 

including 0.1% HCOOH 

 

3.00 mL/min 

Hypercarb 

2.1 mm x 150 mm, 

3 µm particles 

ACN/t1 water 80/20, v/v mixture 

including 0.1% HCOOH 
0.15 mL/min         

ZIC-HILIC 

0.3 mm x 150 mm,  

3.5 µm particles 

ACN /t1 water 85/15, v/v mixture 

including  0.1% HCOOH 
20 µL/min 
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4.4 Ultraviolet- and visible light spectroscopy 

Qualitative UV-Vis analysis was performed with a NanoDrop 2000 UV-VIS spectrometer 

from Thermo Fischer Scientific in UV-Vis mode with pedestal. Baseline correction was done 

at 750 nm. 2 µL of sample volumes were applied for every measurement. As computer 

software, NanoDrop 2000 program was used with default factory settings.  

 

4.5 Mass Spectrometry  

MS with ESI ionization source  

A Q-Exactive (quadrupole-Orbitrap) MS with a Nanospray Flex ion source from Thermo 

Fischer Scientific was used for MS analysis. The MS was operated in positive mode with a 

mass filter of 100-250 Da in full scan mode. It recorded a total ion chromatogram (TIC) with 

a mass resolving power of 17 500, maximum injection time of 120 ms and automatic gain 

control (AGC) of 1 000 000. The capillary voltage was 1.8 kV. To obtain mass spectra 

Xcalibur
TM

 Software was used.  

 

MS with APPI ionization source 

At the University MS service MS/MS analyses were performed using the APPI ion source, in 

positive mode (capillary voltage set to 2.0 kV, heater temperature 440 °C, mass range 20 - 

200 m/z on a Bruker maXis II ETD QTOF mass analyzer (Bruker, Billerica, MA, US). The data 

were collected in product ion mode (positive mode) with precursor ions of 150 m/z. The 

mass range was 20 – 200 m/z. The obtained data were analyzed with Bruker Compass Data 

Analysis software, version 4.3.  

 

4.6 Nuclear Magnetic Resonance spectroscopy 

A Bruker AVII400 (400MHz) NMR instrument with TCI cryo probe and BACS 60-sample 

changer for 
31

P, an AVI600 (600MHz) NMR instrument with TCI cryo probe and BACS 60-

sample changer for 
1
H-

13
C HSQC and an AVIIIHD800 (800MHz) NMR instrument with TCI 

cryo probe and Temperature adjustable Sample Case for nitrogen HMBC and HSQC were 

used. NMR tubes were placed in POM standard bore spinners. All parts were obtained from 

Bruker (Billerica, MA, USA). 
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Two dimensional nitrogen-hydrogen (2D 
15

N-
1
H) NMR measurements were carried out with 

HMBCCGP_15N pulse program and HSQCETGP_15N pulse program, both with 256 

number of scans (NS). For 1H nzgesgp.nn pulse program was running with NS 1024 (+water 

suppression). Phosphorus (
31

P) NMR spectra were acquired using the P31CPD program with 

10240 NS. Topspin 3.5 pl6 from Bruker was used for the acquisition and processing.  

 

4.7 Fluorescence spectroscopy  

For fluorescence analysis an FP-8500 Spectrofluorometer from Jasco with a Julabo F25-ED 

Refrigerated/Heating Circulator was employed. It was equipped with an ETC-815 Peltier 

thermostatted single cell holder (water-cooled) for temperature control. The excitation 

wavelength was from 200 – 740 nm and emission wavelength from 305 – 750 nm without 

polarizing filters. Scan speed was 10000, temperature 25 °C. Data collection occurred with 

Spectra Manager (version 2.13.00). For measurements 350 µL of sample was pipetted into a 

quartz sample holder.  
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5 Results and discussion 

The aim of the study was to confirm the presence of compound X and testing the hypothesis 

that compound X is might be 5,6-dihydroxyindole by using various analytical techniques.  

Figure 21 shows an overview of the project. Blue boxes represent earlier works from this 

topic, while green boxes are the current results from this study. 

 

Figure 21 Flow diagram of the project.  
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5.1 Solubility tests 

To test the hypothesis of DHI being compound X, reference compounds were ordered (DHI1 

and DHI2) from two different manufacturers. Table 2 shows the solubility of DHI1 and DHI2 

in various solvents. In literature, DHI is described as a white – light greyish compound, 

slightly soluble in water, and well soluble in alcoholsHiba! A hivatkozási forrás nem 

található.. The purchased DHI1 was black and DHI2 had a dark-brown colour. They also had 

different solubilities in the solvents tested. It was speculated that the compounds had 

polymerized; according to Hiba! A hivatkozási forrás nem található., DHI tends to 

polymerize in air rapidly, forming macromolecules. Polymerization even happened in closed, 

dark container at 4 ºC. During 2 months the brown colour of DHI2 turned into black 

(implying further polymerization) which affected its solubilities as well. 

Table 2 Solubility test of DHI1 and DHI2 (directly after opening the container). 1 mg DHI with 1 mL 

solvent was used in all cases. 

Solvent DHI1 DHI2 

hot t1 water not soluble slightly soluble 

MeOH not soluble soluble 

EtOH not soluble soluble 

DMSO slowly dissolved soluble 

t1 water with pH control (pH 8-9) not soluble not tested 

t1 water with pH control (pH 2) not soluble not tested 

 

DHI rapidly polymerizes, making it difficult to obtain a suitable reference material. 

Therefore it is necessary to find other techniques for structural elucidation.  

 

5.2 Ultraviolet- and visible light spectroscopy 

UV-Vis experiments confirmed (Figure 22) that the UV absorbance of the AH varied for 

different birds. Non-flying birds like turkey and chicken have lower – and similar - values 

compared to goose, which is capable to fly at higher altitudes. Higher UV absorbance 

indicates a higher concentration of UV absorbing compounds in the goose AH or a presence 

of compounds with a very high molar absorptivity. 
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Figure 22 UV absorbance of AH from goose, chicken and turkey with 50% dilution in t1 water.  

 

Because of the suspected presence of DHI, UV-Vis measurement was carried out for the 

reference compounds as well.  However, the UV absorbance of the polymerized DHI covers a 

quite wide range of the spectrum [43].  

To enable studies of the DHI monomer, an attempt to break the polymer by oxidation with 

NH3/H2O2 (see receipt in appendix) was performed (inspired by bleaching of melanin at hair 

dressers [44]).  Figure 23 shows that the absorbance at higher wavelengths was decreased and 

increased at lower wavelengths. This can indicate that the polymer chain was broken into 

smaller pieces, thus they absorb at lower wavelengths. Figure 24 illustrates the differences 

regarding the absorbance between goose AH and DHI and comparison to the AH sample after 

NH3/H2O2 treatment.  
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Figure 23 UV spectra of DHI1 (red) and DHI1 after oxidation (orange). Both were dissolved in 

DMSO (1 mg/mL). 

 

Figure 24 UV spectra of goose AH (purple), AH after oxidation (red) and DHI1 after oxidation 

(orange). All samples were dissolved in DMSO (1 mg/mL). 

 

 

Based on the UV spectra, during the oxidation experiment with purchased DHI (suspected 

polymer) the polymer was broken. Further examinations were considered necessary to 

confirm that the monomer is present and could be used as an external standard.  
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5.3 Reversed phase liquid chromatography using modified stationary phase  

In this study an ACE-AQ C18 column was used which is a unique C18 bonded phase with 

integral polar functionality. It is resistant to phase collapse, so even with 100 % water mobile 

phase can be used. According to earlier studies  [5], compound X is highly polar; hence ACE-

AQ C18 was a good choice for the separation of this component. A chromatogram of goose 

AH can be seen on figure 25 where the most prominent peak is compound X.  

 

 

 

Figure 25 UV-chromatogram at 254 nm of goose eye aqueous humour, using a 10 mm x 250 mm 

ACE AQ C18 column (5 μm particles). The mobile phase consists of 99% H2O - 1% MeOH including 

0.1% HCOOH at flow of 3 mL/min. Injection volume was 20 µL.  

 

For further testing the purchased DHI, oxidized DHI1 was also analysed by LC-UV system I. 

The chromatogram shows several peaks however, the peak representing the DHI monomer 

cannot be identified. The expected DHI peak is indicated on figure 26, which has a similar 

retention time to compound X.  

 

 

Compound X 

6.85 

 

5.23 
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Figure 26 UV-chromatogram at 254 nm of oxidized DHI1. A 10 mm x 250 mm ACE AQ column (5 

μm particles) was used for separation, and the mobile phase consisted of 99% H2O - 1% MeOH 

including 0.1% HCOOH at flow of 3 mL/min. The injection volume was 20 µL. 

 

 

DHI2 (dissolved in EtOH) was injected in LC-UV I system and eluted with similar retention 

time as compound X (Figure 27-28). However, proving the low purity of DHI, several peaks 

appeared in the chromatogram.  

Because of DHI2 and AH were dissolved in different solvents, there can be a shift in 

retention of the compounds, thus it cannot be ruled out that DHI is compound X. Another 

problem can be that there is no data about the type of contamination in DHI. 

Expected DHI peak 

 

Expected DHI peak 

4.78 

6.73 
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Figure 27 UV-chromatogram at 254 nm of DHI2 in EtOH, using a 10 mm x 250 mm ACE AQ 

column (5 μm particles). The mobile phase consists of 99% H2O - 1% MeOH including 0.1% 

HCOOH at flow of 3 mL/min. Injection volume was 20 µL.  

 

 

Figure 28 UV-chromatogram at 254 nm of DHI2 in EtOH (a.) DHI2 in DMSO (b.) (both 1 mg/mL), 

goose AH (c.) and their overlaid chromatogram (d.) using a 10 mm x 250 mm ACE AQ column (5 μm 

particles). The mobile phase consists of 99% H2O - 1% MeOH including 0.1% HCOOH at flow of 3 

mL/min. Injection volume was 20 µL. 

 

Might be compound X 

Compound X 

4.87 
6.85 

5.65 
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Reference compounds were shown to be difficult to use for identifications, as they easily 

polymerized. Therefore, insurances were made to see if compound X could be other UV 

absorbers. Earlier studies  [5] presented concentrations of different type of UV absorbers in 

various types of AHs.  The most common ones are ascorbic acid, uric acid, tyrosine and 

tryptophan. A high concentration of unknown compound (compound X, highest peak on the 

chromatogram) was also named amongst these UV absorbing components regarding the 

goose AH  [5].  

Other known UV absorbing compounds (tryptophan, tyrosine, uric acid, uracil) were injected 

into the same system. However, none of them had a retention similar to compound X (Figure 

29). Ascorbic acid was also tested as a possible compound X and it eluted with the same 

retention time as the unknown component (Figure 30).  

 

Figure 29 UV-chromatograms at 254 nm of goose AH (a.), uracil (b.), uric acid (c.), tryptophan (d.) 

and their overlay (e.) using a 10 mm x 250 mm ACE AQ column (5 μm particles). The mobile phase 

consists of 99% H2O - 1% MeOH including 0.1% HCOOH at flow of 3 mL/min. Injection volume 

was 20 µL. 
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Figure 30 UV-chromatograms at 254 nm of goose AH (a.), ascorbic acid (b., 100 μg/mL) and their 

overlay, using a 10 mm x 250 mm ACE AQ column (5 μm particles). The mobile phase consists of 

99% H2O - 1% MeOH including 0.1% HCOOH at flow of 3 mL/min. Injection volume was 20 µL. 

 

The following chromatogram (Figure 31) shows the goose AH with suggested peak 

nomination from the earlier tested and already known UV-absorbing compounds. 

 

Figure 31 UV-chromatogram at 254 nm of goose AH with suggested peak nominations, using a 10 

mm x 250 mm ACE AQ column (5 μm particles). The mobile phase consists of 99% H2O - 1% 

MeOH including 0.1% HCOOH at flow of 3 mL/min. Injection volume was 20 µL. 
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Oxidized DHI1 and DHI2 in different solvents were injected but several peaks were shown up 

on the chromatograms from contamination. Further attempts to obtain an external standard 

might be necessary. UV absorbing compounds like tyrosine, tryptophan, uric acid and uracil 

were ruled out from being compound X. Ascorbic acid is eluted with the same retention time, 

thus further examination would be made. It is also possible to synthetize DHI, but it was not 

able to be done in the time of this study.  

 

5.4 Mass spectrometry with electrospray ionization 

To further confirm the presence of ascorbic acid ([M+H]
+
=177 m/z) in the compound X 

RPLC fraction, both ascorbic acid reference material and fraction X were analysed by direct 

infused ESI-MS. The mass spectra in Figure 32-33 illustrate that increasing the pH of 

ascorbic acid resulted in decreased - but still present - signal. The reason is that the ascorbic 

acid becomes deprotonated at high pH values and it more difficult to see it with positive 

mode ESI. The pH of aqueous humour is about 8.5, which means that ascorbic acid can be 

present despite the higher pH. The MS spectrum of compound X peak can be seen in Figure 

34 and it clearly shows the presence of ascorbic acid (or a compound with the same mass).  

 

 

 

 

 

 

 

 

 

 



41 
 
 

 

 

Figure 32 ESI MS spectrum of ascorbic acid (100 µg/mL) at pH 4, with direct infusion. The flow rate 

was between 0.5 – 1 µL/min. It recorded a TIC with a mass resolving power of 17 500 in positive 

ionization mode, mass range is 150-200 m/z.  

 

Figure 33 ESI MS spectrum of ascorbic acid (100 µg/mL) at pH 8.5, with direct infusion. The flow 

rate was between 0.5 – 1 µL/min. It recorded a TIC with a mass resolving power of 17 500 in positive 

ionization mode, mass range is 150-200 m/z.  

 

Ascorbic acid 

[M+H]+=177 

 

Ascorbic acid  

sodium adduct 

[M+Na]+=199 

 

Background from 
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Figure 34 ESI MS spectrum of compound X in goose eye aqueous humour with direct infusion. The 

flow rate was between 0.5 – 1 µL/min. It recorded a TIC with a mass resolving power of 17 500 in 

positive ionization mode, mass range is 150-200 m/z. 

 

5.5 Liquid chromatography using porous graphite carbon stationary phase  

According to RPLC, ascorbic acid co-eluted with compound X. To rule out the possibility 

that ascorbic acid is compound X, other types of selectivities must be (have been?) explored, 

that do not separate based on hydrophobicity.  

The Hypercarb porous graphite carbon column is applicable for separation of small polar 

compounds Hiba! A hivatkozási forrás nem található.. All of the UV absorbing 

compounds in the AH are polar and have low molar mass. Figure 35 shows the 

chromatograms of injections of the same sample 3 different days with the same LC-UV 

settings. Between day A, B and C the retention time became shorter and shorter. The bad 

repeatability indicated that a cleaning/regenerating procedure was needed for the column 

[45]. The followed procedures (see Appendix) were however, unsuccessful and 

measurements could not be continued until an investigation of the column or new Hypercarb 

column purchase. 

Ascorbic acid 

[M+H]+=177 

 

Ascorbic acid  

sodium adduct 

[M+Na]+=199 
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Figure 35 UV-chromatograms at 254 nm of goose AH, using a 2.1 mm x 150 mm Hypercarb column 

(3 µm particles). The mobile phase consists of 80% H2O – 20% ACN including 0.1% HCOOH at flow 

of 150 µL/min. Injection volume was 20 µL. Day B was measured 2 days after day A, and day C was 

measured 4 days later than day B.  

 

5.6 Hydrophilic interaction liquid chromatography 

Another possible chromatographic principle to separate small polar compounds is HILIC. 

Figure 36 shows the chromatogram of goose AH with the final set up of the LC-UV system II 

with a HILIC column. It was possible to separate the ascorbic acid from compound X 

(highest peak) (Figure 37) and it proves that the large peak is something else than ascorbic 

acid, which is hardly visible on the chromatogram.   
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Figure 36 UV-chromatogram at 254 nm of goose AH, using a 1 mm x 150 mm ZIC-HILIC column 

(3.5 µm particles). The mobile phase consists of 15% H2O – 85% ACN including 0.1% HCOOH at 

flow of 20 µL/min. Injection volume was 5 µL. 

 

 

 

Figure 37 UV-chromatograms at 254 nm of goose AH (a.), ascorbic acid (b.) and their overlay (c.), 

using a 1 mm x 150 mm ZIC-HILIC column (3.5 µm particles). The mobile phase consists of 15% 

H2O – 85% ACN including 0.1% HCOOH at flow of 20 µL/min. Injection volume was 5 µL. 

Compound X 

Ascorbic acid 
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Just as with the C18 column, known UV absorbing compounds (tryptophan, tyrosine, uric 

acid)  were also injected into the HILIC system, and none of those were found to have 

individual retention with compound X (Figure 38).  

 

 

Figure 38 UV-chromatogram at 254 nm of goose AH with suggested peak nominations, using a 1 mm 

x 150 mm ZIC-HILIC column (3.5 µm particles). The mobile phase consists of 15% H2O – 85% ACN 

including 0.1% HCOOH at flow of 20 µL/min. Injection volume was 5 µL. 

 

5.7 Nuclear magnetic resonance spectroscopy 

Aqueous humour samples from different species (goose, chicken, turkey) were measured by 

800 MHz NMR. The increased magnetic field strength (compared to other, for example 

300,400 or 600 MHz instruments) provides higher sensitivity, thus improved signal. The 

proton NMR spectra did not show any specific high abundant compound in the goose eye at 

the aromatic region compared to the other species, thus NMR could not reveal what made the 

difference in the UV absorbance (Figure 39). Other compounds like alanine, valine, leucine, 

isoleucine, citric acid, α-glucose, β-glucose and tryptophan were identified in goose AH by 

NMR. NMR spectra were acquired by Emeritus Professor Alistair Lawrence Wilkins. 
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Figure 39 
1
H NMR spectra of goose (purple), chicken (blue) and turkey (green). 

 

2D 
1
H-

15
N experiments (HSQC and HMBC) were carried out to find out more about the 

composition of AH. The main goal was to detect any compound with one or more nitrogen 

atoms which can get closer to the hypothesis about DHI. The measurements could not reveal 

the presence of any nitrogen containing compounds. 2D 
1
H-

15
N techniques are quite 

insensitive thus the probability of the N atom in the compounds cannot be ruled out.  

31
P measurements were made to reveal possible phosphorus atom.  There were no detectable 

phosphorus in the sample but they pointed out the presence of a polymer in the AH by 

showing a difference in relaxation time (see Appendix). This gave the idea to start to think 

about polymers, and searching a compound which is capable of polymerization.  

DHI2 (dissolved in DMSO-d6) and ascorbic acid were measured with NMR and were 

compared to the goose AH spectrum (Figure 40-41). Neither of the two compounds can be 

seen in the AH, but this did not rule out their presence in sample, only indicates that the 

detection limit of the NMR is not sufficient to see ascorbic acid or the possibility of DHI in 

the AH. 
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Figure 40 
1
H NMR spectra of DHI2 (blue) and goose aqueous humour (green). 

 

 

Figure 41 
1
H NMR spectra of ascorbic acid (blue) and goose aqueous humour (green). 

Several compounds were identified in goose AH by NMR spectroscopy but compound X could 

not be revealed by the technique. It indicates that the concentration of the unknown 

compound is below 100 µg/mL.  
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5.8 Fluorescence spectroscopy  

During the study fluorescence spectroscopic measurements were carried out as well so the 

structure might be specified. First a 3D spectrum was recorded with compound X fraction. 

The program was scanning the sample from the excitation wavelength 200 nm to 740 nm, in 

2 nm steps. In every step, the emission wavelength was also scanned between 210 and 750 

nm. After the full 3D scan (about 2 hours), a 3D spectrum shows the intensity of fluorescence 

activity (Figure 42).  

 

 

 

Figure 42 3D fluorescence spectrum of compound X. The excitation wavelength was from 200 – 740 

nm and emission wavelength from 305 – 750 nm without polarizing filters. Scan speed was 10000, 

temperature 25 °C, sample amount 350 µL in a quartz cuvette including 1µL HEPES.  

 

After the 3D scan, the highest intensity of the 3D spectrum was picked out and used its 

optimal excitation wavelength for measuring the tryptophan (Figure 43) then comparing it to 

Excitation wavelength 

[nm] 

Emission wavelength 
[nm] 

Intensity 

[nm] 
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compound X.  The two spectra shows strong similarity which indicates that compound X has 

a similar indole-like structure like tryptophan.  

 

Figure 43 Fluorescence spectra overlay in 2D of compound X and tryptophan. Excitation wavelength 

was 302 nm and emission wavelength was scanned from 310 – 600 nm without polarizing filters. 

Scan speed was 10000, temperature 25 °C, sample amount 350 µL in a quartz cuvette including 1% 

HEPES.  

 

5.9 Mass spectrometry with atmospheric pressure ionization 

To confirm the mass of compound X, fraction X was collected and sent for APPI-MS 

analysis. The results were the same as in the previous study  [9]. Compound X has a mass of 

149 g/mole. On Figure 44 the molecule ion ([M+H]
+ 

= 150.058) and an ion fragment after the 

loss of water can be seen ([M+H]
+ 

= 133.031). These fragments were described in Hiba! A 

hivatkozási forrás nem található. also, after EI ionization. [M+H]
+ 

= 104.053 was named as 

a fragment after a loss of water and CO group.  
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Figure 44 APPI MS spectrum of compound X with direct infusion. The data were collected; 

in MS/MS – a product ion mode, with precursor ions of 150 m/z (positive mode) with a mass 

range of 20-200 m/z. The spectrum was recorded by Osamu Sekiguchi.  

 

6 Conclusion 

With various types of analytical tools it was possible to strengthen my hypothesis, that 

compound X might be 5,6-dihydroxyindole. The APPI-MS analysis showed that the molar 

mass is 149.058 g/mole, and with fluorescence spectroscopy an indole-like structure was 

identified. Chromatographic measurements ruled out the possibility of other, known UV-

absorbing compounds (tryptophan, tyrosine, uric acid and ascorbic acid) to be compound X. 

Further examination requires an external standard which is problematic to obtain. DHI is tend 

to polymerize even in closed, dark containers, thus the next step must be to find a way to 

made it in-house.  

  



51 
 
 

References  
 

[1] Nilsson, A. (1996). Ultraviolet reflections: life under the thinning ozone layer. 

Chichester, Wiley 

[2] (2013). "Electromagnetic Spectrum – Introduction ". Retrieved 23.01., 2017, from 

https://imagine.gsfc.nasa.gov/science/toolbox/emspectrum1.html. 

[3] Schein, O. D., et al. (1995). "Ocular and dermatologic health effects of ultraviolet 

radiation exposure from the ozone hole in southern Chile." American Journal of Public 

Health 85(4): 546-550. 

[4] Macwhirter, P. (2009). 2 - Basic anatomy, physiology and nutrition A2 - Tully,    

Thomas N. Handbook of Avian Medicine (Second Edition). G. M. Dorrestein, A. K. Jones 

and J. E. Cooper. Edinburgh, W.B. Saunders: 25-55. 

[5] Herman, I. (2007). Physics of the Human Body - Light, Eyes and vision P629-699. 

Berlin, Heidelberg, Springer Berlin Heidelberg, Berlin, Heidelberg. 

[6] Pesek, L. (1999). "The marvelous avian eye." Retrieved 10.05., 2018, from 

http://www.birdsnways.com/wisdom/ww31eii.htm. 

[7] Ringvold, A., et al. (2003). "UV-Absorbing Compounds in the Aqueous Humor from 

Aquatic Mammals and Various Non-Mammalian Vertebrates." Ophthalmic Research 35(4): 

208-216. 

[8] Reiss, G. R., et al. (1986). "Ascorbic acid levels in the aqueous humor of nocturnal 

and diurnal mammals." Archives of Ophthalmology 104(5): 753-755. 

[9] Ringvold, A., et al. (2000). "UV Absorption by Uric Acid in Diurnal Bird Aqueous 

Humor." Investigative Ophthalmology & Visual Science 41(8): 2067-2069. 

[10] Blumthaler, M., et al. (1997). Increase in solar UV radiation with altitude. 

[11] Zawadzka, M. E. (2016). Unravelling nature s sunglasses – Identifying the compound 

that protects bird eyes. 

[12] Galván, I. and F. Solano (2016). "Bird Integumentary Melanins: Biosynthesis, Forms, 

Function and Evolution." International Journal of Molecular Sciences 17(4): 520. 

[13] d’Ischia, M., et al. (2005). 5,6-Dihydroxyindoles and Indole-5,6-diones. Advances in 

Heterocyclic Chemistry. A. R. Katritzky, Academic Press. 89: 1-63. 

[14] (2017). Melanocyte, Encyclopædia Britannica, inc. Retrieved 10.03., 2018 from  

https://www.britannica.com/science/melanocyte 

https://imagine.gsfc.nasa.gov/science/toolbox/emspectrum1.html
http://www.birdsnways.com/wisdom/ww31eii.htm
https://www.britannica.com/science/melanocyte


52 
 
 

[15] Solano, F. (2014). "Melanins: Skin Pigments and Much More; Types, Structural 

Models, Biological Functions, and Formation Routes." New Journal of Science 2014: 28. 

[16] Zecca, L., et al. (2001). "Substantia nigra neuromelanin: structure, synthesis, and 

molecular behaviour." Molecular Pathology 54(6): 414-418 

[17] Goldgeier, M. H., et al. (1984). "The Distribution of Melanocytes in the 

Leptomeninges of the Human Brain." Journal of Investigative Dermatology 82(3): 235-238. 

[18] Wangdi, D. L. (2015). "Retina and layers." Retrieved 05.01., 2018, from 

https://www.slideshare.net/Lhacha/anatomy-of-uvea-track. 

[19] McMurry, J. (2012). Organic chemistry - Conjugated Compounds and Ultraviolet 

Sectroscopy P500-533. Belmont, Calif., Brooks Cole. 

[20] Kumar, P. S. (2006). Spectroscopy of Organic Compounds. 

[21] Harris, D. C. (2016). Quantitative chemical analysis - Fundamentals  of 

Spectrophotometry P432-460. New York, Freeman. 

[22] Badertscher, M., et al. (2009). Structure Determination of Organic Compounds: 

Tables of Spectral Data. Berlin, Heidelberg, Springer Berlin Heidelberg: Berlin, Heidelberg. 

[23] Blanco, M., et al. (1990). "Precision of a diode-array spectrophotometer." Analytica 

Chimica Acta 234: 395-401. 

[24] (2009). NanoDrop 2000/2000c Spectrophotometer User's Manual. T. F. Scientific. 

Wilmington, Delaware USA. 

[25] Lundanes, E., et al. (2014). Chromatography: basic principles, sample preparations 

and related methods. Weinheim, Wiley-VCH. 

[26] Creed, D. (1984). "THE PHOTOPHYSICS AND PHOTOCHEMISTRY OF THE 

NEAR‐UV ABSORBING AMINO ACIDS–I. TRYPTOPHAN AND ITS SIMPLE 

DERIVATIVES." Photochemistry and Photobiology 39(4): 537-562. 

[27] Harris, D. C. (2016). Quantitative chemical analysis - High-Performance Liquid 

Chromatography P667-712. New York, Freeman. 

[28] (2018). "ACE AQ." from http://www.ace-hplc.com/products/product.aspx?id=780. 

[29] (2007). Method Development Guide for Hypercarb Columns. T. F. Scientific. 

[30] McCalley, D. V. (2017). "Understanding and manipulating the separation in 

hydrophilic interaction liquid chromatography." Journal of Chromatography A 1523: 49-71. 

[31] Hendrickx, S., et al. (2015). "Recent advances in the application of hydrophilic 

interaction chromatography for the analysis of biological matrices." Bioanalysis 7(22): 2927-

2945. 

[32] Guilhaus, M., et al. (1998). "Perfect Timing: Time‐of‐flight Mass Spectrometry†." 

Rapid Communications in Mass Spectrometry 11(9): 951-962. 



53 
 
 

[33] Harris, D. C. (2016). Quantitative chemical analysis - Mass Spectrometry P559-603. 

New York, Freeman. 

[34] Wells, G. J., et al. (1998). Pneumatically assisted electrospray device with alternating 

pressure gradients for mass spectrometry. A. T. Inc. 

[35] Syage, J. A., et al. (2008). Atmospheric Pressure Photoionization — The Second 

Source for LC-MS?, LCGC North America. 26 pg 286–296. 

[36] Gross, J. H. (2011). Mass spectrometry: a textbook. Berlin, Springer. 

[37] Zubarev, R. A. and A. Makarov (2013). "Orbitrap Mass Spectrometry." Analytical 

Chemistry 85(11): 5288-5296. 

[38] Scigelova, M. and A. Makarov (2006). "Orbitrap Mass Analyzer – Overview and 

Applications in Proteomics." PROTEOMICS 6(1): 16-21. 

[39] Lange, O., et al. (2014). "Enhanced Fourier transform for Orbitrap mass 

spectrometry." International Journal of Mass Spectrometry 369: 16-22. 

[40] McMurry, J. (2016). Organic chemistry - Nuclear Magnetic Resonance Spectroscopy 

P456-499., Cengage Learning. 

[41] Breitmaier, E. (2002). Structure elucidation by NMR in organic chemistry : a practical 

guide. Chichester, West Sussex, England :, Wiley. 

[42] Reusch, W. (2013). "Nuclear Magnetic Resonance Spectroscopy." from 

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/spectrpy/nmr/nmr1.htm. 

[43] Ou-Yang, H., et al. (2004). "Spectral Responses of Melanin to Ultraviolet A 

Irradiation." Journal of Investigative Dermatology 122(2): 492-496. 

[44] Smith, R. A. W., et al. (2017). "Mechanistic insights into the bleaching of melanin by 

alkaline hydrogen peroxide." Free Radical Biology and Medicine 108: 110-117. 

[45] Bapiro, T. E., et al. (2016). "Understanding the Complexity of Porous Graphitic 

Carbon (PGC) Chromatography: Modulation of Mobile-Stationary Phase Interactions 

Overcomes Loss of Retention and Reduces Variability." Analytical Chemistry 88(12): 6190-

6194. 

  

 

 

 

  



54 
 
 

8 Appendix  

 

Oxidation of polymerized DHI 

0.5 mL of 0.1% NH3 solution was added to 1 mg DHI in Eppendorf vial then it was heated up 

to 80 °C with stirring. 200 µL of H2O2 was added dropwise. Reaction time was 2.5 hours. 

During the reaction the black DHI solution turned gradually into a yellow, transparent liquid.  

 

Regeneration procedure for Hypercarb column. (The recipe was obtained 

from Professor Elsa Lundanes.) 

 

1. Invert the column and allow to drain into a beaker. 

2. All flow rates should be set at 1.0 mL/min. 

3. Wash for 30 minutes with 0.5% TFA in 50% water / 50% THF. 

4. Wash for 30 minutes with 0.5% TEA in 50% water / 50% THF. 

5. Wash for 30 minutes with 0.5% TFA in 50% water / 50% THF. 

6. Wash with 95% MeOH / 5% water. 

7. Invert the column back to original position. 

8. Test with supplied test mix.  

 

 

 

 

 

 

Phosphorus NMR 

On figure 45 the phosphorus NMR spectrum of goose AH can be seen. 
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Figure 45 1D 31P NMR spectra of goose AH (blue), t1 water with NMR buffer (red) and DHI1 in 

water (not dissolved) with buffer.  

 

 

 

 

 

 

 


