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ABSTRACT 
Oxytocin and arginine-vasopressin are two very important neuropeptides secreted into the blood in human organisms. They have similar 
structures and molecular weight, complicating their differentiation, identification and individual evaluation. The purpose of the present 
work is to investigate the optical properties of oxytocin and vasopressin dissolved in saline. This information can provide baseline 
templates for the detection of these neuropeptides in bodily liquids containing the salt, such as saliva or sweat, without the need for 
complex chemical isolation processes. In our work, we investigated optical properties of solutions containing different amounts of the 
peptides in saline. Transmittance and absorbance of these solutions were measured in a wide spectral range. Measurements were 
conducted at pre-determined time-intervals, allowing evaluation of decomposition time of the samples. It was found that the most 
representative spectral region for correct characterization of neuropeptides is the ultra-violet spectral area. Calculated optical bandgap of 
various peptide solutions was found to be a quality and quantity evaluation parameter, enabling differentiation of considered materials 
and evaluation of decomposition time. It was found that the optical bandgap value rises toward the saline with the degradation of the 
studied substance over time. 
Keywords: oxytocin, vasopressin, spectral characterization, optical bandgap. 

1. INTRODUCTION 
The organism is a fine tuned wonder of engineering, 

maintained and coordinated by a great many chemical and 

physical processes. With the advances in biologic science, we are 

able to visualize and understand more and more of these. The 

medicinal field, especially, gains much from this progress as 

deeper knowledge of an organism’s function allows us precise 

intervention in the cases of pathology or prophylactics. This gives 

us the ability to choose more focused treatment, reducing 

undesired effects, and increasing efficacy while keeping dosage to 

a minimum. The primary foci of this article are two chemicals 

with wide expression on both physiology and psychology, in 

humans and other organisms. Oxytocin (OT) and Arginine 

Vasopressin (AVP) are two nine-amino peptides with certain 

structural similarities, but having very different roles in the 

organism, across many systems. Due to the similarities between 

the substances, AVP is sometimes seen reacting with OT 

receptors, and vice versa [1]. Both substances are highly 

multifaceted neuropeptides produced and acting within the Central 

Nervous System (CNS) as neuromodulators, and when released 

into the bloodstream, as hormones, involved in regulating 

functioning of autonomous nervous system and several vital 

organs [2,3]. Concentrations of the peptides vary greatly between 

organisms, even in the same species [4], in addition to circadian 

and other fluctuations within each organism [5]. These 

fluctuations within the organism have varying behavioral and 

psycho-neuro-immunologic effects in regards to the peptides 

levels [5,6]. 

OT, commonly known as the Birth Hormone due to its role 

in muscle contractions and milk excretion [7], also plays a critical 

part in heart muscle functioning [8]. In nociceptive systems, it 

modulates pain sensitivity [9], and is positively involved in 

healing processes [10]. OT also holds fame as the “social 

hormone”, due to the involvement in processes of psychological 

and physiological attachment, empathy and caring to both extents, 

of positive and negative [11]. In psychiatry, oxytocinergic 

abnormalities have been found to be involved in several social 

disorders. Feifel et. al (2010) claim that antipsychotic properties of 

oxytocin have caused reductions in schizophrenia symptoms [12]. 

OT may be used as a possible treatment intervention in cases of 

depression, anxiety [13], and Autism Spectrum Disorders (ASD) 

[14]. For example, an enhancement effect of OT treatment has 

been reported on ASD children brain function [15]. 

The hormone AVP regulates water retention in mammals, 

as well as vascular resistance, thus regulating levels of blood 

pressure, temperature dispersion and waste disposal [16]. When 

acting in the CNS as a neuropeptide, AVP plays important roles in 

aggressive and other social behaviors [17], reproductive behaviors 

and functions, as well as pair bonding and maternal behaviors [6]. 

The effects of AVP are notably related to physiological and social 

stress- and aggression-based behaviors [18], leading researchers to 

seek this involvement when creating treatments for abnormalities 

in these behaviors [19,20].  

The structural similarities of OT and AVP, and the 

similarities in pathways and influence domains create a challenge 

for researchers both when measuring them and their effects, and 

when attempting to differentiate the effects of one from the other, 

especially considering the gender-associated variance in the 

distribution of each substance [3,21]. The correlation and measure 

of OT and AVP with behavioral measures are important factors 

for early diagnosis and treatment of neurodevelopmental disorders 
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with social function implications, as well as acquired conditions 

such as post-traumatic stress disorders (PTSD), acquired anxieties, 

and even schizophrenia [22,23]. Researchers show that 

concentrations of OT and AVP in plasma or saliva are reliable 

markers of concentration in the Cerebral spinal fluid (CSF) [24-

26], allowing extrapolating the one from the other. 

Unfortunately, some researchers show doubt regarding the 

efficacy and reliability of measurement methods available and in 

use today [27]. The assessment methods, involving blood-

sampling procedures need to consider the effect pain and stress 

have on both peptides’ levels. Furthermore, both peptides have 

rather short lifespans, requiring quickly performing complicated 

assay, the reliability of which are themselves sometimes in 

question [28]. Young and Anderson (2010) express the opinion 

that peer review is not as perfect as science wishes it to be, and 

that many practitioners are not equipped with adequate statistical 

and analytical training, tools and knowledge [29]. For example, 

they show that interpretation of research based on correlations 

between chemical and behavioral measures must take into account 

the possibility of measurement flaws, statistic and analytical 

errors. Yet, issues can be a result of misuse or misinformation of 

measurement techniques and technology, such as using general, 

low sensitivity assay kits when attempting to measure low 

concentration peptides such as OT and AVP [29].  

Development of operative and accurate methods for 

neuropeptide estimation requires knowledge of the substances’ 

properties, and in particular the optical properties. In the presented 

work, we measure the optical transmittance and absorption of 

several fluid solutions of oxytocin and vasopressin in saline in a 

large spectral range. We believe that this information will 

contribute greatly to the development of a non-invasive method of 

neuropeptide levels assessment using saliva and other bodily 

fluids. 

 

2. EXPERIMENTAL SECTION 
 Optical characterization of all samples was done at 

wavelengths of 200–1100 nm using the UV-2800 UV/VIS 

spectrophotometer of UNICO, and in the infrared (IR) range of 

2.5-20 m using a FTIR Tensor 27 of Bruker. Figure 1 represents 

the principle optical scheme used to our measurements. Liquid 

solutions were inserted in quartz cuvettes of UNICO to enable 

observation of optical characteristics in the near ultraviolet (UV) 

range.  

 
Figure 1. A principal arrangement scheme of optical measurements. 

 

The OT and AVP were purchased from a commercial 

source, Sigma-Aldrich. Liquid samples were prepared by 

dissolving the peptides in saline (0.9 Sterile Sodium Chloride 

NaCl Normal Saline) in various, gradually declining 

concentrations. Saline was used instead of water due to the fact 

that NaCl is present in most bodily fluids, therefore enabling the 

resulting optical characteristics to be a closer match to those 

observable in a medical scenario, such as when measuring for OT 

or AVP in sweat, or CSF. Thus, saline is used in this study to 

represent bodily fluids, rather than water. Furthermore, being able 

to measure the peptides in question without physically isolating 

them from their environment is an important issue, thus the ability 

to filter out “noise” caused by the saline would serve as a proof of 

concept that this method is viable in medical research and 

applications. It is important to note, however, that more research, 

using different solutions, is needed to further validate the methods 

proposed here. 

 

3. RESULTS SECTION 
 First of all, we tried to measure the transmittance of the 

pure saline in a large infra-red spectrum range. Figure 2 represents 

the transmittance characteristics of saline, soda lime glass and 

sapphire slides in the wide IR spectrum range. As shown in this 

figure, the saline completely absorbs light in the near and far 

infrared ranges. Therefore, all fluids containing sodium chloride, 

such as blood, saliva etc. will not be transparent in these 

wavelengths. Thus, infra-red optical spectra are not applicable for 

the studied neuropeptide solutions.  

 In light of these results, spectral analyses of most bodily 

fluids in the IR ranges seems to be rendered moot due to how the 

saline effectively blocks these wavelengths from providing any 

information besides the presence of said saline. 

 Figure 3 represents the transmittance characteristics 
recorded in the near ultraviolet (UV), visual and near infrared 

optical ranges, from 200 nm up to 1100 nm. Transmittance 

characteristics of pure saline and two solutions of neuropeptides in 

saline with equivalent substance amounts are presented here. 

 
Figure 2. Transmittance of the saline and various material’s slides in the 

IR range. 

 These characteristics look very similar in the visual and 

near infrared ranges. However, substantial differences in the 
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characteristic shapes appear in the mid-ultraviolet range as shown 

in the insertion. The thickness of all liquids is the same, 10 mm, 

therefore these differences are due to the different absorption 

properties of the two examined neuropeptides. The exposed effect 

of absorption in the UV range may be explained by excitation of 

peptides with energetic photons and increase of their internal 

energy in the interval of 3.76-5.90 eV which leads to electron 

detachment from the peptides [30]. The light wavelength suitable 

for this excitation is 210-330 nm, i.e. the ultraviolet range. 

 
Figure 3. Transmittance of the pure saline and neuropeptides solutions in 
the near UV and visual optical range. 
 

 Figure 4 represents transmittance characteristics of the 

oxytocin solutions recorded in the mid-UV range for different 

amounts of the neuropeptide in the saline. Here, all curves 

represent interferential oscillations. Interestingly, at the 215 nm 

wavelength, which relates with a photon's energy of 5.8 eV, all 

transmittance curves became dependent on the neuropeptide 

amount.  

 
Figure 4. Dependence of the oxytocin solution transmittance on the 
concentration. 
 

 Similar dependence may be observed for the vasopressin 

solutions as presented in figure 5. At the same wavelength, the 

transmittance of AVP solutions depend on the amount of the 

studied material. Therefore, we can estimate the amount of the 

material using the transmittance measurement. Moreover, 

comparison of these dependencies enables us to differentiate one 

peptide’s solution from another.  

 Figure 6 presents dependence of solution transmittance on 

neuropeptide amounts, as expressed in specific exponential fitting 

shown on both experimental results. The two graphs, OT 

dependence and AVP dependence, have quite similar curves, 

however the fitting curves have different derivatives. These 

derivatives may be taken as a main parameter characterizing the 

type of neuropeptide present. 

 
Figure 5. Dependence of the vasopressin solution transmittance on the 

concentration. 

   

 
Figure 6. Neuropeptides transmittance dependence on the substance 
amount. 

 
Figure 7. Optical absorption of the oxytocin solution characterization. 

 
Figure 8. Optical absorption of the vasopressin solution characterization. 

 

All recorded transmittance characteristics have strong 

absorption in the UV range. Therefore, we can define an optical 

bandgap for measured samples similar to those in semiconductor 

materials. For estimating the optical bandgap in the strong 

absorption region from the spectral dependence of the absorption 

coefficient, we apply the following equation [31,32]: 

αhν = B(hν − Eg)n (1) 
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where, ν is the photon frequency, h is the Plank’s constant, 

B is an independent coefficient, Eg is the optical bandgap value, 

and the exponent n = 1 for our solutions, since the materials we 

measure are not semiconductors. Usually, for semiconductors, this 

exponent value is defined as n = 2 for semiconductors with 

indirect transition and n = 0.5 for semiconductors with direct 

transition. As shown by L. Joly et. al [30], the electron detachment 

under high-energy photon absorption is a two-stage process, 

therefore a peptide solution may be assigned as an indirect 

semiconductor, however, this question requires additional 

consideration.  Graphical method for estimation of the optical 

bandgaps is shown in figures 7 and 8.  

The linear behavior of the characteristics confirms the 

allowed indirect transition between valence and conductive bands 

in the measured solution. The extrapolation of the straight-lines to 

intercept with the energy axis gives the Eg values. The evaluation 

results demonstrate the evident dependence of optical bandgap on 

the neuropeptide amount in the solution. Optical bandgap of the 

pure saline is maximal and decreases with growth of the 

neuropeptide amount in the solution. Both studied neuropeptides 

behave in a similar way, however the calculated value of the 

optical bandgap is distinct for each substance. 

According to the energy conservation law, 

I0 = IR + IT + IA (2) 

where I0, IR, IT and IA are the intensities of incoming, reflected, 

transmitted and absorbed light, respectively. Therefore, reflectance 

of the studied neuropeptides we calculated using experimental 

data recorded via spectrometer. Figure 9 represents the calculated 

reflectance characteristics of the OT samples.  

 
Figure 9. Dependence of the oxytocin solution reflectance on the 

concentration. 

 

 As can be seen, reflectance of the solution depends on the 

amount of the substance dissolved in saline. Reflectance rises with 

the increase of the OT amount. The AVP solutions demonstrate 

the same behavior. Figure 10 presents the calculated reflectance 

points for both studied neuropeptides. As in figure 6, we can see 

two sets of the experimental points and two fitting curves built 

using the same approximation model. Thus the difference between 

the two characteristics is evident. The reflectance data may 

therefore be used for differentiation of one peptide from another 

and for evaluation of the neuropeptide amounts in bodily fluids, 

for example in saliva [33].  

It should be noted that our measurements were provided 

for the solutions with only one neuropeptide in the cuvette. 

Evaluation of the solutions with both or several substances 

simultaneous presenting in the same cuvette is the subject for a 

separate future study. 

 

 
Figure 10. Neuropeptides reflectance dependence on the substance 

amount. 

 

 The additional important issue in neuropeptide assessment 

is the time during which the substances keep their properties and 

states. As known, OT is subject to degradation via deamidation, 

oxidation or thiol exchange [34]. Instability of OT in aqueous 

solutions has been noted in several sources [35,36]. However, the 

information presented by different authors is contradictory: for 

example, in-vitro pharmacologic studies show the half-life of 

oxytocin in the blood equal to 3-4 min [37]. Conversely, more 

recent researches claim OT stability during 30-40 or even 60 min 

[38]. We attempted to evaluate the stability time of OT and AVP 

using the optical bandgap of the studied substances.  

 The optical bandgap of a fluid solution depends on the 

material composition. Thus, one can assume that the optical 

bandgap change relates with the timed changes in the studied 

material. We calculated the optical bandgap of the solutions with 

the same neuropeptide concentration by transmittance and 

absorbance data, recorded through 3 hours with intervals of 

approximately 20 min. Figure 11 represents the calculated time-

dependent characteristics.  

 
Figure 11. Lifetime of the oxytocin behavior. 

 

 Calculation of the measured characteristics shows that the 

optical bandgap rises with time. This dynamic indicates significant 

changes in the OT structure, its decomposition, as a result of 

which the bandgap increases and drifts to the value of pure saline. 

Thus, the oxytocin keeps its optical properties approximately 40-

45 min, in agreement with other researchers [38]. Beyond that 

period, the optical bandgap begins to linearly increase, 

approaching the value of the pure saline. The same scenario was 
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observed for the vasopressin solutions, which kept their properties for approximately one hour. 

 

4. CONCLUSIONS 
In this work, we experimentally investigated the 

possibility to measure optical properties of the neuropeptides 

oxytocin and vasopressin, dissolved in saline. Results obtained 

from our experiments may be summarized as follows: 

Optical measurements in the IR range are non-informative 

due to full light absorption by the saline itself. 

 Obtained results indicate that the most representative 

spectral region for correct measurement of OT and AVP is the 

mid-ultraviolet spectral area. These promising results enable 

assessment of these neuropeptides level in various solutions as 

well as differentiating oxytocin from vasopressin. 

An optical bandgap of these peptide solutions may be used as 

a quality and quantity evaluation parameter, enabling 

differentiation of the peptides and evaluation of decomposition 

time. 

Optical signals reflected from the sample with solutions of 

the two peptides bring enough information for evaluation. 

 Results of this study imply that optical methods of OT and 

AVP assay may provide a reliable and more accessible alternative 

to chemical assay kits. Refinement of the optical methods and 

technology used in this study may lead to development of less 

expensive, reusable and more user-friendly tools for these, and 

possibly other neuropeptides assessment. Further research and 

refinement is required, however, to develop and tune the technique 

and apparatus. 
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