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The low-level laser therapy was used in various biomedical applications for a long time 

such as improving the rheological properties of blood, wound healing, vascular 

restenosis, tissue repair. however, its safety has not been well investigated. The present 

in-vitro study aims to illustrate the influence of low power laser irradiation on the 

secondary structure of human Haemoglobin (Hb). Fifteen samples of healthy fresh 

blood have been divided into five groups (3 samples/group) and irradiated using low 

power infrared laser (wavelength 808 nm, power 4 mw and power density 0.64 

mW/cm
2
) at different irradiation durations (5, 10, 20, 30 min) and zero time for control 

samples. We used FTIR Spectroscopy followed by some mathematical techniques such 

as band-narrowing (second-derivative method), spectral subtraction, curve fitting, and 

integration processes to quantitatively calculate the different contribution ratios of the 

secondary structure components of irradiated and non-irradiated human hemoglobin 

samples. It was found no significant change in the contents of the α-helix structure at 

(5,10,20 min) groups. However, the thirty minutes group (30min) show a significant 

reduction in the content of α -helix accompanied by a significant increase in the 

random coil and β-turn structures with (p < 0.05). The decreasing of the alpha-helix 

structure is explained in terms of photo-inductive degradation to the unordered 

structure of random coils and β-turns. Extra care has to be taken while the clinical 

application that includes the intravenous laser irradiation of blood to avoid the protein 

photodamage caused by the low power laser at long expoture time. 
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1. INTRODUCTION 

Lasers are devices that produce polarized and relatively coherent 

electromagnetic radiations, investigated for the first time in 1960 by 

T.Maiman [1]. Since this year and till now, the previous unusual properties 

of the laser have been led it to be used in a wide range of clinical procedures 

such as dermatology, surgery, activating the photodynamic agents, wound 

healings, and ablative treatments that depend on the generation of heat by the 

laser beam such as in cosmetic surgery. Lasers that are used for high energy 

medical applications such as the ablative treatments, cutting and thermal 
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coagulating of tissues are required a high power range (10:100 Watts) [2].on 

the other hand, Lasers that have a low power range (1:500 mW) are known 

as low-level laser which widely used in the photochemical reactions such 

as the Photodynamic therapy and Biostimulation [2,3]. The term 

“Biostimulation” also recognized as Photobiomodulation was originally 

described by the Hungarian surgeon Endre Mester in 1967. It was defined as 

the application of low power laser on biological system to induce tissue 

regeneration such as happen in the wound healing clinical procedure by 

laser. Mester experimented in order to study the impact of laser irradiation 

on the hair growth of mice and tested if it might cause cancer or not and 

observed, that the hair of the irradiated mice grew back faster than the non-

irradiated [4]. Low power laser therapy does not have any thermal or ablative 

mechanisms, but only have a photochemical influence which indicates that 

the low power laser irradiation is absorbed by molecular absorption bands of 

some photo-sensitive molecules known as “chromophores” causing a 

chemical change [3,5].  

The effective tissue penetration of light (optical window) has a 

maximum value range from 650 nm to 1200 nm. The blue region has a 

higher rate of scattering and absorption in tissues than the red region, this can 

be attributed to the efficient absorption ability of hemoglobin and melanin, 

which are the major tissue chromophores[6]. hemoglobin has very high 

absorption bands at wavelengths lower than 600 nm, light scattering 

coefficient of tissues is higher at shorter wavelengths, also water intensely 

absorbs infrared light at wavelengths higher than 1100 nm. Therefore the use 

of low power laser in biological systems approximately includes this range 

(600-1100 nm)[7]. The therapeutic effect and cellular scale biological 

mechanisms of low power laser irradiations at different wavelengths and 

different light doses in the biomedical field are well known. These include 

wound healing, vascular restenosis, tissue repair, and improving the 

erythrocyte deformability [8,9]. In China, the clinical procedures that 

include intravenous low power laser irradiation such as the treatment of 

psoriasis, cerebral infarction, and rheumatoid arthritis are applied and the 

results were positive and encouraging, However, the biochemical interaction 

mechanism of laser light with living cells is not totally understood[2-7]. On 

the other hand, previous Raman spectroscopy studies on the impact of low-

level laser irradiation on red blood cells and hemoglobin have shown 

significant photo-induced damage for long irradiation durations[14–16]. 

Hemoglobin (Hb) is the most dominant protein in the blood. It has a 

globular quaternary structure and is the oxygen-transporter metalloprotein in 

erythrocytes of almost all vertebrates. The environmental changes such as 

temperature increase, pH fluctuations, and chemical modifications can cause 

structural alterations in Hb molecules which affect its function [17]. The 

https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Metalloprotein
https://en.wikipedia.org/wiki/Vertebrate
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most common techniques used for describing the three-dimensional structure 

of proteins are X-ray crystallography and NMR. Nevertheless, X-ray 

crystallography requires a crystal structure of proteins which is challenging 

for almost of proteins. The NMR structure spectra of proteins can be 

determined in solution however, it is limited to low-weight proteins. Those 

previous limitations to
 
structure generation at the atomic

 
resolution have led 

to the development of
 
alternative methods that can provide molecular 

structural information
 
of proteins such as Fourier transform infrared (FTIR) 

spectroscopy, circular
 
dichroism (CD), and Raman spectroscopy. Circular 

dichroism is cconsidered as the most common technique used for calculating 

the secondary structure components of proteins However, it is limited to only 

optically clear solutions [13,14].  

In the last decade, the mathematical techniques such as band-

narrowing (Second-derivative and Fourier self-deconvolution techniques), 

spectral subtraction, and curve fitting have led to a considerable expansion in 

the using of FTIR spectroscopy to estimate the contribution of secondary 

structure components quantitively. Fourier transform infrared (FTIR)  

spectroscopy represents a measurement of wavenumber vs intensity of the 

transmittance of IR radiation by a sample. It is recognized as a valuable tool 

for determining the contents of the secondary structures of proteins in 

hydrated films, aqueous solution, solids, organic solvents, detergents, 

micelles, and phospholipid membranes. It has the advantages of being non-

destructive and not limited by protein size [13-15]. 

This work aims to explore the influence of low-level laser irradiation 

on the molecular structure of Hemoglobin using IR spectroscopy, the 

human blood samples irradiated by an infrared laser of wavelength 808nm 

and power density 0.64 mW/cm
2
. We used FTIR Spectroscopy followed by 

second derivative analysis technique, curve fitting, and integration processes 

to investigate the change in the molecular structure of all Hb sample groups. 

 

2. MATERIALS AND METHODS 

Laser irradiation 

15 ml of healthy fresh human blood were collected through 

venipuncture into Ethylenediaminetetraacetic acid (EDTA) as an 

anticoagulant and divided into 5 groups according to the irradiation duration. 

Each group was composed of three samples, and each sample was about 

1mL of whole blood placed in a Petri dish with a diameter of 2.5cm. The 

depth of the blood sample was about 0.5 mm. Low power infrared laser 

radiation (808 nm, and energy density of 0.64 W/cm
2
) was used to irradiate 

the samples for different durations (5, 10, 20, 30 min and zero time for the 

control samples). 
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Hb sample preparation 

After irradiation, the samples of whole blood were centrifuged at 

2000 rpm(revolution per minute) for 10 min, and the clear plasma was 

discarded. The packed red blood cells (RBCs ) were cleaned three times with 

0.9% NaCl (10 ml per ml of packed RBCs) and centrifuged at 3500 rpm for 

5 min; the supernatant was discarded. To eliminate the impact of the RBCs 

membrane and evaluate the impact of low power laser on Hb, the packed 

RBCs were lysed by adding-ionized water with a volumetric ratio of 1:10, 

then centrifuged at (12,000 rpm for 45 min at 4 °C). The supernatants were 

carefully separated and Freeze-dried to remove water from Hb samples for 

FTIR spectroscopy measurements.  

 

FTIR measurements 

Hemoglobin spectra were recorded using Nicolet 6700 Thermo 

scientific spectrometer. The freeze-dried Hb samples were mixed with dried 

KBr at a ratio of 1:100, and pellets were prepared for measurements. The 

spectra of the 15 samples were generally collected using a   4 cm
−1 

resolution. Every sample had an average of 16 scans where the overlapping 

spectra of water vapor and air were filed as background and subtracted 

iteratively until a straight baseline is established in the range of (2000 – 

1750) cm
−1

 of FTIR spectra as shown in fig1. The data obtained was 

smoothed and normalized using origin 8 software. 

 

3. Mathematical background 

The Secondary structure of proteins refers to the array of amino acid 

residues in a polypeptide chain and is mainly composed of α-helices, β-

sheets, β-turns, and random coils. The alteration of the secondary structure of 

proteins is referred as a change in the ratios of those common structure types. 

The FTIR bands of proteins are usually interpreted in terms of the vibrations 

of a structural repeat unit which gives up to 9 essential bands referred as 

amide A, B, I, II ... VII. Those distinctive FTIR bands of proteins are 

presented in Fig 1. the Amids A and B at 3300 cm
-1

 and 3100 cm
-1

 

respectively are mainly formed from N-H stretching. While the amide III 

which located at 1229−1301 cm
-1

 is associated to C-N stretching and N-H 

bending. Amid IV,V,VI at 625−767 cm
-1

,  640−800 cm
-1

, 537−606 cm
-1

  is 

attributed to O-C-N bending, N-H bending and C=O bending respectively 

[13,14]. 

 Amide I and amide II bands are the two major bands associated with 

the secondary structure of the protein infrared spectrum. The amide I band 

that in the range of  (1600 - 1700 cm
-1

) has the strongest response to any 

conformational change because it mainly resulting from the C=O stretching 
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vibration (70-85%) coupled with N-H bending of the and  C-N stretching  

(15-30%). Amide II is assigned to the N-H bending (40-60%) and the C-N 

stretching vibration (18-40%). The other amide bands are difficult to use in 

molecular structure estimation because of their complexity [13-15]. 

The computerized FTIR instrumentation followed by band narrowing 

techniques such as second derivative analysis and Fourier Self-

Deconvolution (FSD) provided the basis for the quantitative estimation of 

protein secondary structure. The quantitative analysis relies on the idea that 

proteins can be treated as a linear summation of the major secondary 

structural components. In the amide I region (1700−1600 

cm
−1

) every different conformotion of the secondary structure has its own 

characteristic C=O stretching frequency due 

to distinctive molecular geometry and hydrogen-bonding pattern. Amide I 

absorbance is usually a single broadband. Therefore, baseline correction, 

band-narrowing method (second derivative analysis), and curve fitting are 

required to resolve the interfering bands. The basic idea of the second 

derivative analysis method is that the intrinsic shape of an infrared band 

absorbance of spectrum A(ν) can approximated by a following  Lorentzian 

function ; 

 ( )  
   

 

   (    ) 
                                   ( ) 

Where ν is the wavenumber (in units of cm
–1

), A0 is the maximum 

absorbance of the band corresponding to wavenumber ν0 and   is half-width 

at half-height of the original spectrum. On the other hand, Fourier transform 

I(x) of the spectrum which is a function of A(ν)  is given by;  
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Wheres   is time encoding interval. Therefore, spectrum A(ν) and its Fourier 

transform I(x) are expressed in the following equation [16]; 

 ( )   * ( )+  ∫  ( )    (    )   

 

 

                                   ( ) 

The second derivative is given by [17];  
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The second derivative of  band spectrum     becomes; 
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  (      )

(     )  
 

 

Where a equals 1/γ
2
. However, the original peak frequency is 

identical to the peak frequency of the second derivative. The half-width of 

the original peak is related to the half-width of second derivative as  
 

   
 

    and also the peak intensity of the second derivative is related to the 

original intensity by    
         

   [12,13]. 

 

4. Statistics analysis 

 

The significance level of the five groups was determined by one-way 

ANOVA. Followed by a post hoc test to examine the paired significance by 

using Origin 8 software. the value of p < 0.05 was accepted as a statistical 

significance. 

 

5. Results and discussions. 

The FTIR spectra of Hb in the range ~4000–400 cm
−1

 for both 

control and irradiated samples at different exposure time (5, 10, 20, 30 min) 

are shown in Fig 1. The figure also shows the contributions of the functional 

group peaks in all Hb samples. 
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As shown in Fig1., all peaks are located at the same positions as well 

as there is no obvious change in the number of the essence bands for the 

Figure 2.  FTIR spectra of control and irradiated Hb samples. 

Figure 1. Spectra of amid I and amid II of all Hb samples 
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studied samples.  However, there is a change in the intensities of the peaks 

might be attributed to the variation in the concentrations of samples in KBr 

pellets. The spectra of Amide I and II bands and at 1658 cm
−1

 and 1542 

cm
−1

, respectively are shown in Fig 2.  The broad Amid I peak that located at 

1700–1600 cm
−1 

can be formed by the superimposition of the conformational 

structures of proteins, such as alpha-helices, β-sheets, β-turns, and random 

coils [17], therefore it was selected for further analysis. 

The spectra of the second derivative were obtained and smoothed 

using an eleven point Stavisky–Golay function with the help of Origin 8 

software as shown in Fig 3. The smoothing process is carried out in order to 

minimize the distortion to amide I band components. 

 

As presented in Fig 3., the bands in the range (1654-1658 cm
−1

) could 

be attributed to the α-helix of human haemoglobin [22]. β-sheets Bands was 

recognized in the  regions of 1640−1620 cm
−1

 and 1699−1689 cm
−1

 [22–24]. 

The unordered conformation (usually named random coil) was located at 

1644±3 cm
−1

[18,22]. After baseline correction, the obtained smoothed 

second-derivative bands where curve fitted using Gaussian, Lorentzian, or a 

mixture of Gaussian/Lorentzian-shaped fitting for the control and irradiated 

samples at different exposure time (5, 10, 20, 30 min) to solve the spectrum 

of proteins into its major secondary structure components as shown in Figs 

4,5,6,7 and 8. The process was mainly governed by the different 

characteristic band position, width, and position of the baseline. The relative 

areas of each band were used to determine each contribution of each 

secondary structure conformation. 

Figure 3. Secondary derivative mean FTIR spectra of all Hb samples. 
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Figure 4. Curve fitting for the Second derivative spectra for the non-
irradiated Hb sample. 

Figure 5.  Curve fitting for the Second derivative for the 5 min irradiated 
Hb sample. 
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Figure 6. Curve fitting for the Second derivative for the 10 min irradiated Hb 
sample. 

Figure 7. Curve fitting for the Second derivative for the 20 min irradiated 
Hb sample. 
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The contents ratio of the different secondary structure conformations 

according to Amide I band   calculations are listed in table 2. All secondary 

structures components (α -helices, β -sheets, β -turns, and random coils) of 

the all Hb samples of the different irradiation duration groups were subjected 

to pairing comparisons. Comparing to the non-irradiated group (control), the 

5, 10, and 20 min groups showed a slight change in the content of α -helix 

and random coil structures that did not reach statistical significance (p 

>0.05). The 30 min group displayed a significant reduction in the content of 

α -helix accompanied by a significant increase in the random coil and β-turn 

structures compared with the non-irradiated group (p <0.05). This decrease 

in alpha-helix structure may be explained as a photo-inductive degradation of 

alpha-helix contents to the unordered structure of random coils and β-turns. 

 
Table 2. The percentage of contents of different secondary structure contents based on the 

curve-fitting analysis of the Amide I band. 

Secondary structure 
Percentage of content (%) 

control 5min 10min 20min 30min 

α -helix 46.50±1.378 45.62±1.290 45.44±0.484 42.84±1.052 36.11±2.916 

Random coil 19.21±2.051 16.80±0.979 22.42±1.556 19.98±1.792 26.49±1.485 

β -sheet 32.05±1.058 28.75±2.153 16.56±1.342 22.28±1.069 28.049±2.634 

β -turns 2.22±1.238 8.81±0.994 15.57±3.195 14.88±0.58203 9.26±1.4951 

Figure 8.  Curve fitting for the Second derivative for the 30 min irradiated Hb 
sample. 
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Our results matched with the previous studies which proposed the 

formation of small amount of Reactive oxygen species (ROS) as a result of 

interaction between low-level laser and living systems such as erythrocytes. 

The ROS are produced in this case due to the photosensitization of cell 

chromophores such as heme-proteins [25–28]. Hemoglobin as a major 

chromophore in the blood can serve as a natural porphyrin substance and 

cause the  ROS production when irradiated with low power laser at 630 nm 

[29]. The photodamage induced by low-level laser to blood is supposed to be 

relatively minimal compared to other body tissues because of the high 

absorption coefficient of haemoglobin [30,31]. A large amount of ROS can 

be produced at high energy irradiations which may lead to oxidative stress of 

the cell [32]. Another study revealed that low-level laser irradiation can 

induce photo-damage to the cells after long expoture time (more than 10 

minutes)even at power values lower than 10 mW [33]. The present study 

supports the hypothesis that the ability of the laser light to induce phot-

damage of alpha-helix structures of hemoglobin may be linked to the 

production of ROS. 

 

6. Conclusion  

The impact of low power laser on the secondary structure of all haemoglobin 

samples is well investigated. The secondary structure of irradiated and non-

irradiated human hemoglobin was obtained by using FTIR spectra followed 

by the mathematical analysis of band-narrowing techniques. It was found no 

significant change in the content of alpha-helix structures at the groups of  

5,10,20 minutes of irradiation. However, at 30 minutes group, there was a 

significant reduction of alpha-helix structures accompanied by a significant 

increase in the random coil and β-turn structure which may be explained as a 

photo-induced degradation of alpha-helix contents to the unordered structure 

of random coils and β-turns. We conclude that careful care and extra 

precisions have to be taken while the clinical application that includes the 

intravenous laser irradiation of blood to avoid the protein photodamage 

caused by the low power laser at long expoture time. 
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