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Abstract 

Herein, release of gabapentin molecules from gold nanoparticles (Au NPs) is studied by using 

two kinds of laser beams. The first is a green laser, which matches well with the frequency of the 

Au NPs’ SPR and the second is a red laser that has the longest penetration depth in the tissue. Au 

NPs are synthesized by the Turkevich method and characterized with different techniques such 

as FT-IR, XRD, TEM, UV-VIS, and DLS. Then, the effects of two green and red lasers as well 

as temperature are investigated in the delivery of gabapentin drug molecules from Au NPs. 

Slices of chicken breast muscle with different thicknesses are also used in order to disclose an 

experimental condition close to the in vivo study. The drug release amount is, then, correlated 

with the return of the absorption-peak to its primary position. The effects of temperature and 

penetration depth of the laser beam investigated on the UV-VIS spectrum of Au NPs and the 

results are compared to attain the best release conditions. It is found that although the green laser 

is better than the red one to stimulate the SPR of Au NPs, however, the red laser is preferred for 

the drug delivery purposes due to its greater penetration depth. Also, increasing the temperature 

of the capped nanocolloid enhances the rate of drug release by the laser irradiation. Therefore, 

this investigation is helpful to understand the effect of temperature and a red laser beam on 

different metallic nanoparticles carrying drug molecules. 

Keywords: gabapentin . drug delivery . Au NPs . CW laser beam . breast muscle of chicken . 

temperature effect  
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Introduction 

Nanomaterial drug delivery is an emerging field that has significant advantages over 

conventional therapy and has been suggested as a powerful tool to improve the efficacy of 

chemotherapeutics with potential applications in diagnostic developments [1-2]. Therefore, 

nanoparticles have been extensively used in medicine research because of their unique properties 

such as high specific surface area, increased solubilization of hydrophobic drugs, tunable 

targeting properties, controlled drug release, effective permeability and penetration properties as 

well as easy modification [3-12]. 

Epilepsy is a serious neurological disorder associated with sporadic symptoms and 

abnormalities such as psychiatric disorders, cognitive impairment, and social problems. 

Gabapentin is an antiepileptic drug with no rmothymic properties that is used for the treatment of 

seizures and neuropathic pain. Unfortunately, oral bioavailability of the target drug alewiates 

with dose (42 and 60% under the administration of 600 and 300 mg, respectively) [13], therefore, 

formulation of gabapentin loaded nanovehicles may facilitate delivery of higher amounts of this 

drug towards more effective medication. 

Au nanoparticles have shown more attention in drug delivery and have been increasingly 

applied in biomedical investigations due to their low toxicity, broad antimicrobial and visible 

light extinction behavior, sufficient stability under most physiological conditions, surface 

reactivity, and surface plasmon characteristics [14-17]. Au nanoparticles display a unique 

combination of chemical, physical, optical and electronic properties different from other 

biomedical nanovehicles and provide a wide multifunctional platform in drug delivery systems 

[18-19]. Owing to the relatively large size of Au NPs, they can be used to deliver drugs with low 

solubility and poor pharmacokinetic properties to the target tissues, control the drug release and 

frequency, increase bioavailability, and decrease side effects of the drug [20-22]. 

Now a days, many experiments are performed on the delivery of different drugs by using 

a wide range of biocompatible nanoparticles. Herein, it has been tried to load gabapentin onto the 

surface of citrate-capped Au nanoparticles in a colloidal solution prepared by the Turkevich 

method. The loading/releasing process is monitored by UV-VIS spectroscopy to record the 

blue/red shift in the absorption peak. Therefore, we try to match the laser light frequency with 
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the SPR frequency of Au NPs and control the loading/ release process. Thus, the two green and 

red lasers are used to push the release of gabapentin molecules from the surface of Au NPs and 

different behavior of red and green lasers is detected. The green laser matches well with the 

frequency of the SPR, whereas the red one has the longest penetration depth in the chicken 

tissue. Therefore, slices of the breast muscle of chicken with different thicknesses were used in 

order to assemble the real in vivo conditions. After that, the drug release amount was correlated 

with the return of absorption maximum to its primary position. The effects of temperature and 

penetration depth of the laser beam were also studied on the UV-VIS spectrum of Au NPs and 

compared to attain the best releasing conditions. To the best of our knowledge, it is the first 

report describing the influence of laser beam on an animal tissue by using the principles of Au 

NPs’ SPR. Moreover, effect of temperature on the release of drug from Au NPs is studied for the 

first time.  

Results and discussion 

Characterization of Au NPS 

Fig. 1 shows the FT-IR spectra of the surface modified Au NPs with citrate (Au@citrate, a) and 

surface modified Au NPs with both citrate and gabapentin (Au@citrate-gabapentin, b). The 

broad band at about 3200-3600 cm
-1

 in both spectra is related to the C-OH and H2O stretching 

vibrations. Weak bands in 2850-2950 cm
-1

 in Au@citrate are due to CH2 vibrations. The two 

peaks around 1385 and 1589 cm
-1

 in (a) are due to the symmetric and asymmetric stretching of 

CO2
-
 in citrate. These characteristic peaks were also observed in the FT-IR of gabapentin drug 

loaded Au NPs decorated with citrate. In addition, new medium characteristic peaks due to 

gabapentin were also identified at 2928 cm
-1

 (NH3
+
), 2151 cm

-1
 (C-N), 1650-1540 cm

-1
 

(asymmetric carboxylate and NH3
+
 deformation). It should be mentioned that gabapentin is a 

zwitterion in the solid state and there was no FT-IR band in the usual NH stretching region 

(3500-3300 cm
-1

).(Chimatadara et al., 2007).  
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Fig. 1. FT-IR spectra of surface modified Au NPs with citrate (Au@citrate, a) and surface 

modified Au NPs with both citrate and gabapentin (Au@citrate-gabapentin, b).  

The absorption spectrum of the aqueous drug solution and Au nanocolloid are compared 

as shown in Fig. 2. The drug has a medium peak at 230 nm that can be used to determine its 

concentration. The peak of absorption saddens at 530 nm is also due to SPR of Au NPs. The size 

distribution of Au NPs was assessed by DLS through calculating the hydrodynamic diameter of 

the particles. As shown in Fig. 3, the average hydrodynamic size is obtained about 24 nm. The 

XRD pattern of the synthesized Au NPs are shown in Fig. 4a that confirms formation of 

nanoparticles with a cubic structure. The remarkable peaks at the 2 theta 38.3, 44.5, 64.6, and 

77.6° are devoted to the face-centered cubic gold with the 111, 200, 220 and 311 crystallographic 

planes, respectively, in accordance with the card number JCPDS No.04-0784 [21, 23]. Fig. 4b at 

the inset shows the TEM image of Au NPs that confirmed regular spherical particles with sized < 
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25 nm [24]. In Fig. 5, the absorption spectra of Au nanocolloids before and after drug loading are 

compared. As shown, although addition of a clear solution of the drug dilutes the final solution 

and reduces the height of the spectrum, however, the loading process caused the peak to 

experience a blue-shift. 

 

Fig. 2. UV-VIS spectra of gabapentin and the as-synthesized Au NPs. 
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Fig. 3. Dynamic light scattering (DLS) measurement of the synthesized Au NPs.  

 

 

Fig. 4. The XRD diffraction pattern (a) and TEM image (b) of the as-synthesized gold 

nanoparticles. 
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Fig. 5. Comparison of the UV-Visible spectra of the synthesized Au NPs before and after drug 

loading. 

Effect of laser beam on the release of gabapentin 

This study focused on the release of drug with two manners including irradiation of a laser beam 

towards the drug loaded nanoparticles and enhancing temperature of the colloidal solution. The 

two lasers were selected to start the drug release. The green laser has the most wavelength 

matching well with the SPR of Au NPs and a red laser, which has the longest depth of 

penetration in the chicken tissue. When the two lasers with the same output power (2 mW) were 

emitted toward the drug-loaded nanocolloids, the peak of absorption (
max ) was returned to its 

initial value, which indicated the release of the drug from nanoparticles. Fig. 6 shows the blue 

shift of 
max as the laser beam is incident to the colloid. As shown in this Figure, the green laser 

beam can force the release process further, which was in good agreement with the previous 

reports [25].  
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Fig. 6. Shift of the surface plasmon resonance (SPR, nm) vs time of the laser illumination. 

It is noticeable that Au NPs can absorb the laser irradiation and generate a small amount 

of heat. Absorption of the green laser beam was higher and created more heat. Heating Au NPs 

may increase the kinetic energy of the surface electrons and affect the release process. However, 

the created heat is not sufficient to change the structure of drug molecules. Furthermore, the 

thermal effects related to the continuous wave (CW) lasers are insignificant and increasing of 

temperature would not be greater than 1 °C in the solution [26]. 

In the next step, we studied the depth of penetration of the laser beam in the tissue to 

simulate the in vivo conditions. We used slices of chicken breast muscle with different 

thicknesses. As the experimental setup at Fig. 7 shows, the laser beam with the same output 

intensity were transmitted from the slices and the transmitted powers were recorded vs the 

muscle thickness, as shown in Fig.8. By numerical fitting of these curves with the Bear-Lambert 

law ( )exp(0 LII  ), the absorption coefficient of the chicken breast muscle was obtained 

cm
122.0 for the red light and 

cm
126.0 for the green one.  
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Fig. 7. The experimental measurement of the optical transmittance through a slab of the chicken 

breast muscle.  

 

 

Fig. 8.The experimental results of the penetration depth by using the laser beam to achieve the 

absorption coefficient.  

In Fig. 9, the beams were incident to the gabapentin nanocolloid after passing through the 

slabs with the thickness of d. As shown, by increasing d, the rate of drug release was decreased 

and saddened for the two laser beams. Also, for thin layers of slabs, the green laser was more 

efficient for the release process because of its well matching with the frequency of Au NPs’ SPR. 

By enhancing d, the rate of release was decreased suddenly for the green laser, but this change 
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was less pronounced for the red laser and the tissue affected less on it; thus, more penetration 

depth of the red laser.  

Considering the laser’s wavelength, it should have a low penetration depth in the tissue. 

Thus, we achieved a low intensity laser to limit the uncontrolled and unknown side effects such 

as reshaping, warming and degradation of the drug loaded NPs. The penetration-depth of the 

applied light depends directly to the wavelength. Generally, the penetration depth of the light 

depends to its wavelength. For example, the blue light has a short penetration depth (< 3 mm) 

and can be absorbed by the skin epidermis. Whereas, the penetration-depth of a green light is ~5 

mm and may reach to the dermis layer of skin. But, the red beams can penetrate some 

centimeters and reach the blood vessels [27-28]. The above penetration depth can be slightly 

altered by increasing the irradiation intensity. Therefore, a red laser can be helpful for the in-vivo 

purposes. 

In the next step, we studied effect of temperature on the efficiency of release process by 

using the laser beam. In Fig. 10, the laser beam is directly incident to the colloid and the shift of 

max  is plotted vs time. This experiment was repeated at different temperatures (30-40°C). As 

shown, by absorbing light with the nanoparticles at a higher temperature, the energy of the 

gabapentin molecules to get rid of the particles was increased and the release process became 

more accessible. This result is in good agreement with the previous report [29], which shows the 

release of DNA molecules from Au NPs is temperature-dependent.  
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Fig. 9.Shift of the surface plasmon resonance (SPR, nm) vs time of laser illumination after 

passing through the slab with the thickness of d: (a) green laser, d=0; (b) green laser, d=5mm; (c) 

green laser, d=10mm; (d) red laser, d=0; (e) red laser, d=5mm; (f) red laser, d=10mm.   
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Fig. 10. Shift of the surface plasmon resonance (SPR, nm) vs time of laser illumination at 

different temperatures. (a) green laser, t=40°C;(b) green laser, t=35 °C;(c) green laser, t=30 °C; 

(d) red laser, t=40 °C; (e) red laser, t=35 °C; (f) red laser, t=30 °C.   

At final, it is necessary to review different mechanisms of drug loading onto the surface 

of Au NPs. Detailed mechanistic studies are required to disclose the mechanism of drug 

adsorption on the surface of Au NPs, however, three possible mechanisms are known in this 

process. They are hydrogen bonding interaction, hydrophobic interaction, and Lewis acid-base 

interaction. The first interaction that is not so strong describes adsorption of drug molecules 

through hydrophobic functional groups. Hydrogen bond interaction mainly occurs in the 

adsorption of polar drug molecules and occurs via the lone-pair hydrogen bonding donors of 

drug molecules with the acceptor sites on the surface of NPs. The latter Lewis acid-base 

interaction commonly happens through the polar groups of drug molecules. Therefore, the above 

mentioned interactions can be regarded as the electronic interactions between the drug molecule 
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and surface of an adsorbent. In addition, citrate displacement with gabapentin is another route, 

which can be accounted for the interaction of drug molecules with Au NPs decorated with citrate 

ions, as all of these options are shown in Fig.11. 

 



14 

 

 

Fig.11. A schematic representaion for the plausible interactions of citrate and cetirizine with Au 

nanoparticles. 
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Conclusion 

In summary, effects of temperature and penetration depth of green and red lasers are studied in 

the delivery of gabapentin drug molecules from Au NPs. These nanoparticles are synthesized by 

the Turkevich reduction method and characterized with different techniques including XRD, 

TEM, UV-VIS, and DLS. Gabapentin molecules are loaded onto the surface of Au NPs, as 

confirmed by a blue-shift in the absorption spectrum. To release the gabapentin molecules from 

the surface of Au NPs, two laser beams are used; green and red. Slices of chicken breast muscle 

with different thicknesses are performed in order to study the penetration depth of the laser 

beam. The effects of temperature and penetration depth of the laser beam are studied on the 

absorption spectrum of Au NPs and the results are compared to attain the best release conditions. 

It is found that although the green laser is better than the red one to stimulate the SPR of Au NPs, 

however, the red laser is preferred for the drug delivery purposes due to its greater penetration 

depth. Also, enhancing the temperature of Au NPs decorated with gabapentin can enhance the 

rate of release by the laser irradiation. Thus, this study is beneficial to found effect of 

temperature and laser irradiation on various metal-based NPs bearing drug molecules. 

Experimental  

Materials and methods 

All of the primary materials were attained from commercial resources and used with no excess 

purification. Tetrachloroauric acid monohydrate (HAuCl4∙H2O), trisodium citrate dihydrate and 

gabapentin were purchased from Sinopharm Ltd (Beijing, China) with high purity (99.9 % 

assay). The XRD analysis was performed on a PW1800- Phillips diffractometer with Cu Kα 

radiation (λ= 1.5418 Ǻ) at 40 keV and 40 mA to attain the crystal structure of the fabricated Au 

NPs. Ultraviolet-visible spectra were achieved on a UV-VIS Array Spectrophotometer (detection 

limit 0.1 nm). Particle size and distribution of the nanoparticles were assessed by dynamic light 

scattering (DLS) on a Malvern Zetasizer 3000. Transmission electron microscopy (TEM) was 

done on a Philips CM120 with the magnification of 200 K.  

Synthesis of Au NPs 
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To synthesize Au NPs, 60 mg of sodium citrate was added to6 mL distilled water and stirred at 

100 ºC for 10 min. 2 mL of HAuCl4 solution (1 wt%) was added to20 mL distilled water and 

warmed up to boiling. Thereafter, the sodium citrate solution was added to the tetrachloroauric 

acid monohydrate solution and put on a hotplate for 5 min at 100 
º
C, then cooled to room 

temperature. The ruby red color of the cooled colloid indicated formation of Au NPs.  

Decoration of Au NPs with gabapentin 

The drug was loaded onto Au NPs as follows. 2 mL of gabapentin solution with a concentration 

of 2.5 g/L was prepared in deionized water. This solution was then added to 8 mL of the 

prepared AuNPs colloidal solution and the resulting mixture was incubated at room temperature 

for 12 h and followed by sonication for 10s. Finally, the attained solution was stored at room 

temperature. 

Calculation of loading/ release of the drug 

The drug-loading capacity (Eq.1) was calculated by differentiating the free drug remained in the 

solution after delivery from the total amount of the primary drug. The amount of unloaded 

gabapentin was simply determined by UV-VIS spectrophotometry at 230 nm against a blank. 

Therefore, the loading capacity can be calculated from Eq. 1.  

Loading capacity (%)= M0-Mt/ MN × 100     Eq. (1) 

where M0 and Mt are the drug amount in the primary and final solutions, respectively. MN is the 

amount of the used Au NPs. In this experiment, the medium loading capacity of 65% was 

obtained after triplicate experiments.  
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