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Abstract 

Background:  Spectroscopy is defined as the physical processes happening inside the matter 

due to the interaction of electromagnetic radiation with this matter. The increasing availability of 

intense, monochromatic laser sources provided a tremendous impetus to a wide range of 

spectroscopic investigations.                                                                                                          

Objective: To diagnose sickle cell anemia among Sudanese patients using laser emission 

spectroscopy.                                                                                                                                              

Materials and methods: The laser emission spectroscopy was utilized to diagnose the sickle 

cell anemia among five blood specimens collected from Sudanese patients: one normal and four 

with sickle cell anemia. The five specimens were irradiated by diode laser of 532 nm wavelength 

and 100 mW output power. The emission spectra of the five specimens were recorded and 

compared. 

Results: Two peaks in the emission spectrum of normal blood specimen had appeared: the first 

one was attributed to hemoglobin while the second was due to hemoglobin A. Three peaks in the 

emission spectrum of sickle cell anemia specimens were recorded. These peaks were attributed 

to hemoglobin F and S which appeared only in the sickle cell anemia specimens. The three peaks 

were considered as characteristics of the sickle cell anemia. The wavelength of the emission peak 

of hemoglobin S was red shifted with the increasing in the total hemoglobin, and the intensity of 

the peak of hemoglobin F was increased with decreasing the amount of total hemoglobin. Also, 

the results showed that, the first peak in the emission spectrum of normal blood specimen 

indicated the haemoglobin with low intensity, and the second peak was attributed to hemoglobin 

A with high intensity. The three peaks observed in the emission of sickle cell anemia, indicated 

the haemoglobin S as the major haemoglobin component with a little proportion of haemoglobin 

and a variable proportion of haemoglobin F. 

Conclusion: Laser emission spectroscopy succeeded in the diagnosis of sickle cell anemia in 

Sudanese sickle cell anemia patients as compared with the healthy control blood specimens. 
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Introduction 
 

Laser radiation is very much more intense, and the line width is much smaller than the 
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conventional source. As a result, weaker transitions can now be observed and higher resolution is 

obtainable. Any discussion of applications of lasers in medicine must start with a thorough 

consideration of the absorption properties of the main constituents of tissue. Water has a very 

strong absorption at short UV wavelengths and again at wavelengths longer than 1.4 μm, with 

particularly strong absorption peaks at 1.9 and 3.0 μm, Proteins strongly absorb through the UV 

region below about 400 nm, while the melanin pigment in the skin has a broad absorption from 

the UV with successively weaker attenuation through the visible region. Of particular importance 

is the chromophore hemoglobin, whose red color derives from the fact that it massively absorbs 

below 600 nm but is largely transparent to red color (wavelengths longer than 600 nm)1.                                                                                                                                             

The net effect of these major chromophores results in a region above 600 nm and below 1.4 μm 

where the human body is relatively transparent, meaning that optical radiation can penetrate 

distances ranging from a millimeter to several centimeters. Depending on the exact wavelength, 

the spectral shapes are useful in identifying different substances in the tissue, apart from species 

identification, quantification of the constituents is of considerable interest. Sickle cells are a 

highly recognizable red cell morphology, with their crescent shape and pointed projections at one 

of the terminal ends of the red cells. Sickle hemoglobin, hemoglobin S, is an abnormal 

hemoglobin. When red cells containing hemoglobin S try to maneuver through the spleen and the 

kidney, the hemoglobin lines up in stiff bundles. This makes the red cell less elastic and unable 

to squeeze through the microcirculation of the spleen. The cell deforms, takes the sickle shape, 

and is permanently harmed2. 

Individuals with sickle cell anaemia have haemoglobin S as the major haemoglobin component 

with a small proportion of haemoglobin A2 and a variable proportion of haemoglobin F. As there 

is no synthesis of normal β chain, there is a total absence of haemoglobin A. Red cells sickle due 

to polymerization of haemoglobin S under conditions of low oxygen tension. This process is 

cyclical, but eventually membrane damage leads to the red cell becoming irreversibly sickled. 

The irreversibly sickled cell has an increased calcium content, which triggers calcium dependent 

potassium transport and loss of potassium and water. Potassium/chloride cotransport is also 

increased. The dehydrated cell becomes even more rigid. The clinicopathological features of 

sickle cell anaemia result directly or indirectly from vascular obstruction by sickled red cells, 

with consequent tissue infarction. In addition to the shape change, erythrocytes show increased 

adhesion to endothelium, which contributes to vascular occlusion. As the synthesis of 

haemoglobin F decreases and that of haemoglobin S increases3. 
 

Materials and methods 
 

This study was conducted at Ahmed Gassem Teaching Hospital (Khartoum North, Sudan). The 

study was approved by the Research Board of Sudan University of Science and Technology, 

Khartoum, Sudan. Patients investigated were adolescents (age >10 years). A specimen of blood 

was excited by green laser with wavelength 532 nm and power 100 mW, and the USB4000 

spectrometer was used to record the emission from the sample after excitation. The OOIBase32 

operating software of the USB4000 spectrometer was operated to perform the emission of 

normal specimen as standard emission spectrum. The emission spectra of the four anemia’s 

specimens were recorded and compared with the spectrum of the normal sample, and from the 

comparison major differences were indicated. 
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Results 
 

Fig. (1) shows the emission intensity versus wavelength for normal blood specimen excited by 

green laser with wavelength (532nm) and with power of 100mW. It can be observed from this 

figure that two peaks are recorded in the visible and NIR region. The peak with higher intensity 

(λ = 762.57 nm, I = 27.16) represents the hemoglobin because 96–98% of normal adult 

haemoglobin is HbA, and the peak with lower intensity (λ = 685.13 nm, I = 22.64) indicates the 

hemoglobin for the reason of up to 3.5% of normal haemoglobin is HbA2. 

 

 
 

Fig. (1): The emission spectrum of normal blood specimen 
 

Fig. (2) displays the emission spectrum of specimen one of sickle cell anemia excited by green 

laser with wavelength (532nm) and with power of 100mW. Table (1) lists the details of the 

analysis of this spectrum. Three peaks can be observed in Table (1). The peak with higher 

intensity (wavelength = 936.29 nm with intensity = 36.00) signifies the hemoglobin S because 

hemoglobin S represent the largest amount in the total hemoglobin of sickle cell anemia. The 

peak with lower intensity (wavelength = 831.58 nm, and intensity = 30.10) denotes the 

hemoglobin , likewise the 3rd peak (wavelength = 726.76 nm, with intensity = 35.47) 

characterizes the hemoglobin F because individuals with sickle cell anemia have a little amount 

of haemoglobin and a variable proportion of haemoglobin F. 

 

 
 

Fig. (2): The emission spectrum of specimen one of sickle cell anemia 
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Fig. (3) denotes the emission spectrum of specimen two of sickle cell anemia excited by green 

laser with wavelength (532nm) and with power of 100 m W. Table (1) illustrates the analysis of 

this emission spectrum. Three peaks can be observed in fig. (3) and Table (1). The peak with 

higher intensity ( wavelength = 672.47 nm and intensity = 29.71) indicates the hemoglobin S 

because hemoglobin S has a largest amount in the total hemoglobin of sickle cell anemia. The 

peak with lower intensity (wavelength = 797.22 nm, and with intensity = 16.08) represents the 

hemoglobin , while the 3rd peak (wavelength = 867.39 nm, with intensity = 27.58) represents the 

hemoglobin F for the reason of less than 1% of normal adult haemoglobin is HbF, because 

individual with sickle cell anemia has a small proportion of haemoglobin and a variable 

proportion of haemoglobin F. 
 

 

 
 

Fig. (3): The emission spectrum of specimen two of sickle cell anemia 
 

Fig. (4) represents the emission spectrum of specimen three of sickle cell anemia excited by 

green laser with wavelength (532nm) and power of 100 m W. The analysis of this emission 

spectrum is illustrated in Table (1). Three peaks can be observed in fig.(4). The peak with higher 

intensity has wavelength = 806.87 nm and intensity = 40.94 denotes the hemoglobin S for the 

reason that hemoglobin S has a largest amount in the total hemoglobin of sickle cell anemia. 

Individuals with sickle cell anemia have a little amount of haemoglobin and a variable 

proportion of haemoglobin F. For this reason the peak with lower intensity (wavelength = 751.99 

nm, with intensity = 16.89) defines the hemoglobin , Besides the 3rd peak (wavelength = 614.78 

nm, and intensity = 20.28) represents the hemoglobin F.                                                                       

Fig. (5) demonstrates the emission spectrum of specimen four of sickle cell anemia excited by 

green laser with wavelength (532nm) and with power of 100mW. Table (1) illustrates the 

analysis of this emission spectrum. Three peaks can be observed in fig. (5) and Table (1). The 

peak with higher intensity ( wavelength = 803.35 nm and with intensity = 32.5) indicates the 

hemoglobin S because hemoglobin S has a largest amount in the total hemoglobin of sickle cell 

anemia and a small proportion of haemoglobin and a variable proportion of haemoglobin F for 

this reason the peak with lower intensity (wavelength = 754.54 nm, and with intensity = 18.95) 

represents the hemoglobin , whereas the 3rd peak (wavelength = 847.44 nm, and intensity = 

19.26) defines the hemoglobin F. 
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Fig. (4): The emission spectrum of specimen three of sickle cell anemia 
 

 

 
 

Fig. (5): The emission spectrum of specimen four of sickle cell anemia 
 

 

Discussion 
 

As can be observed in Fig. (1), the emission spectrum of normal blood specimen has two peaks 

indicate the hemoglobin and hemoglobin, because, 96–98% of normal adult haemoglobin is 

HbA, having 2 alpha chains and 2 beta chains (α α /ββ). Up to 3.5% is HbA2 consisting of 2 

alpha chains and 2 delta chains (α α /δδ)4. The normal β chain has no emission but after the 

change in position 6 and transfer to abnormal protein it can be observed in the emission spectrum 

of sickle cell anemia because hemoglobin S is an inherited variant of normal adult hemoglobin 

(hemoglobin A). It results from a substitution of valine for glutamic acid in the sixth position of 

the β globin chain. For this reason we observed two emission peaks in normal blood emission 

spectrum, whereas in sickle cells anemia, three peaks were recorded. As it can observed in the 

spectra of the sickle cell anemia, individuals with sickle cell anaemia have haemoglobin S as the 

major haemoglobin component with a small proportion of haemoglobin and a variable proportion 

of haemoglobin F. As there is no synthesis of normal β chain, there is a total absence of 

haemoglobin A3. In Table (1) one can see that there is a red shift in the wavelength of the peak of 
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Table (1): Analysis details of emission spectrum of specimens investigated 

 
 

Specimens Wavelength (nm) Intensity (a.u) 

 

Specimen One 

639.29 36.00 

726.76 35.47 

831.58 30.10 

 

Specimen Two 

672.47 29.71 

797.22 16.08 

867.39 27.58 

 

Specimen Three 

614.78 20.28 

751.99 16.89 

806.87 40.94 

 

Specimen Four 

754.54 18.95 

803.35 32.5 

847. 44 19.26 

 

Hemoglobin S with increasing of the total hemoglobin, as recorded in specimens 1and 3. The 

Specimens with low amount of total hemoglobin have a wavelength of hemoglobin S in the 

range of 600 nm (672.47 nm _ 936.29), respectively. When the amount of total hemoglobin is 

increased, as in samples 2 and 4, the wavelength of the emission of hemoglobin S is in the range 

of 800 nm (806.87 nm _ 803.35 nm).                                                                                                                 

As hemoglobin goes through the loading and unloading process, changes appear in the molecule, 

these changes are termed allosteric changes, a term that relates to the action of salt bridges 

between the globin structures.                                                                                                                        

The amount of hemoglobin S is insignificant because the purpose is to detect the presence of 

hemoglobin S in the test specimen. The end point is easy to read as a turbid solution in the 

presence of hemoglobin S and a clear solution if hemoglobin S is not present2.                                              

All specimens of sickle cell anemia have a considerable amount of hemoglobin emitted at 

wavelength between 750 nm to 850 nm, as in specimen 1 at (797.22 nm), specimen 2 at (751.99 

nm), specimen 3 at (831.58 nm), and specimen 4 at (754.54 nm). The emitted wavelength of the 

hemoglobin F is in the range from 614.78 nm to 867.39 nm, and the intensity of hemoglobin F 

increased when the amount of total hemoglobin is decreased. The specimen with higher intensity 

of hemoglobin F (wavelength = 726.76 nm and intensity = 35.47) means that this specimen is 

little sickling, whereas the specimen with low intensity of hemoglobin F (wavelength = 847.44 

nm with intensity = 19.26) implying that this specimen is more sickling, due to the presence of 

hemoglobin F retards sickling2. 
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Table (2): Characteristics of emission of the investigated specimens 
 

 
 
 

Recommendations: The followings can be recommended as future work: 

* Usage of diode laser 532nm for diagnostic of other blood diseases.                                                                     

* Usage of other types of laser (in the UV range because hemoglobin absorbs at UV also) for 

blood disease diagnostic. 

* Comparison between the method of laser emission and the scattering method. 

Conclusions: From the results obtained in this work, the followings can be concluded:                         

Three peaks were observed from the emission spectra of different samples of sickle cell anemia, 

indicated haemoglobin S as the major haemoglobin component with a small proportion of 

haemoglobin and a variable proportion of haemoglobin F. The wavelength of the emission peak 

of hemoglobin S has a red shift with increasing the total hemoglobin. The intensity of 

hemoglobin F is increased with decreasing the amount of total hemoglobin. The specimen with 

higher intensity of hemoglobin F (wavelength = 726.76 nm and intensity = 35.47) means that the 

specimen is little sickling, whereas the specimen with low intensity of hemoglobin F 

(wavelength = 847.44 nm wit intensity = 19.26) implying that the specimen is more sickling. 

The laser emission spectroscopy proved to be suitable for the diagnosis of sickle cell anemia. 
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