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Abstract 

Gold and silver nanoparticles colloids were produced by irradiating a metallic target plates with a thickness of 
1mm immersed in distilled water with a pulsed laser beam. The size and size distributions of the metals 
nanoparticles were examined by the transmission electron microscope TEM analysis. The nanoparticles 
concentrations were also characterized by atomic absorption spectroscopy AAS measurement. The effects of 
gold and silver nanoparticles were studied on the activities of choline esterase (ChE) and monoamino oxidase 
(MAO) enzymes in the sera. Gold and silver nanoparticles demonstrated activators effects on the (ChE) and 
(MAO) activities, and these effects increased with increasing the concentrations of the nanoparticles. 
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1. Introduction 

Laser ablation of bulk target immersed in liquid environment which is simple method, recently has attracted 
much attention for nanoparticles formation (S.Barcikowski, 2007; S. Besner, 2007; A. Pyatenko, 2009; Y. Fong, 
2010). Nanomaterial display unique, superior and indispensable properties and have attracted for their distinct 
characteristics which are unavailable in conventional macroscopic materials. Their uniqueness arises specifically 
from higher surface to volume ratio and increased percentage of atoms at the grain boundaries. They represent an 
important class of materials in the development of novel devices that can be used in various physical, biological, 
biomedical and pharmaceutical applications (Prashant K, 2007; Nam Jm, 2003; Tkachenko AG, 2003; Hirsch LR, 
2003). 

1.1 Neurotransmitter Enzymes 

1-cholinesterase (ChE): is a family of enzymes that catalyze the hydrolysis of neurotransmitter acetyle choline 
into choline and acetic acid. All choline esterases are proteins with molecular weight ranging from 70.000 to 
1000.000 dalton. Choline esterase is more active in human blood cells more than in serum. 

There are two types of choline esterase: acetylcholine esterase (EC 3.1.1.7) (AChE or ChE) also known as RBC 
cholinesterase, erythrocyte cholinesterase or most formally acetyle choline acetyle hydrolase. ChE found in all 
excitable tissues whether nerve or muscle central and peripheral cholinergic or adrenergic, motor or sensory, in 
most erythrocyte and in placental tissue, and pseudocholine esterase (EC 3.1.1.8) (BChE) or (BuChE) also 
known as plasma choline esterase, butyryl cholinesterase or (most formally) acetylcholine aceylhydrolase, found 
primarily in the liver(Wang R, 2005). 

Cholinesterase is such on important enzyme especially in transporting the nerve signals in the nervous system. 
This enzyme has a vital function in the termination of synaptic transmission by hydrolysis of the 
neurotransmitter acetylcholine (after completing its function) into choline and acetate. 

A very important role in the catalytic activity of choline esterase is played by the amino acids serine, histidine, 
aspartic acid, and glutamic acid. 

There are two active sites in cholinesterase known as the anionic site and the esteratic site. The esteratic site of 
enzyme combines with the carbonyl group of the ester linkage (acetyle choline) and this site is responsible for 
the hydrolysis of the ester bond (Ballantyne B, 1992; Huang YJ, 2007). 
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2-Monoamino oxidase (MAO) (EC 1.4.3.4): is an outer mitochondrial membrane containing enzyme, is found in 
nearly all tissues. Two major isoforms have been described, the MAO-A and the MAO-B made up of different 
polypeptides (C.W.Abell, 2001; C.Binda, 2002). The MAO is responsible for the major neurotransmitter 
degrading in the central nervous system (CNS) and peripheral tissues (Youdim M, 2005). MAO-A preferentially 
catalyzes the oxidative deamination of serotonin, adrenaline. MAO-B mainly catalyzes the oxidative 
deamination of phenyl ethyl amine and benzyl amine. Both isoforms act either on dopamine invitro or on 
tyramine. In man kind, dopamine is preferentially deaminated by MAO-B, because of their role in the 
metabolism of mono amine neurotransmitters, the MAO-A and MAO-B are thought to be involved in psychiatric 
and neurological disorders such as depression and parknson’s disease, respectively (Moussa B H, 2006; 
P.H.Seeburg, 2003). 

2. Materials and methods 

2.1 Nanoparticles Preparation 

Gold and silver nanoparticles colloids were produced by irradiating a metallic target plates with a thickness of 
1mm immersed in distilled water with a pulsed laser beam. The ablation was performed with the (1064 nm) of a 
Nd: YAG laser (HUAFEI) operating at 10 Hz repetition rate, with a pulse width of 10 ns. The beam was focused 
on the surface of the target through a lens with 11 cm of focal length. The spot size was about 1.5 mm in 
diameter. The size and size distributions of the metals nanoparticles were examined by the transmission electron 
microscope TEM analysis, using a CM10 pw6020, Philips-Germany.  

UV–vis absorption spectroscopy measurements were carried out on a double beam, CECIL C. 7200 (France) 
spectrophotometer. The nanoparticle concentrations were also characterized by Atomic absorption spectroscopy 
AAS measurement (model GBS 933, Australia), was carried out for the prepared samples. 

2.2 Acetylcholinesterase activity 

Acetylcholinesterase activity was assayed by Ellman method (Ellman G.L, 1961; Balgiz W.kamas, 2001; 
Mansour M, 2001). The principle of the method is the measurement of the rate of production of thiocholine as 
acetyl thiocholine is hydrolyzed. This was accomplished by the continuous reaction of the thiol with 
5.5-dithiobis-2-nitrobenzoic acid (DTNB) to produce the yellow color of 5-thio-2-nitrobenzoic acid. The rate of 
color production is measured at 430 nm. The assay procedure is described as follows: 

1-(50 µL) of DTNB solution (0.001 M) is added to (2.25 mL) of sodium phosphate buffer solution (pH = 7.3, 0.2 
M), then (10 µL) of serum is added, mixed well and (2 mL) of the mixture is transferred to a measuring cell (3 
mm), then (34 µL) of acetylthiocholine iodide (ASChI 0.06 M) is added, the change in absorbency is measured 
before and after adding the substrate at (430 mm) for (3 min). The enzyme activity is calculated as the 
concentration in µmole of the substrate hydrolyzed to each (mL) of sample in (3 minute) and expressed as 
(µmole/3 min/mL). 

2-A stock colloid (15 ppm) concentration of gold nanoparticles and (20 ppm) concentration of silver 
nanoparticles and then the following concentrations (1, 3, 6, 9, 12) ppm of gold nanoparticles and (1, 3, 6, 9, 12, 
15) ppm of silver nanoparticles are prepared. The different concentrations of the nanoparticles are prepared by 
diluting with deionized water using the stock colloid. ChE activity is measured in human serum by using the 
same method with replace 2.25 mL of ChE buffer solution with 2.0 mL ChE buffer +0.25 mL of different 
concentration of nanoparticles. 

2.3 Mono amino oxidase activity 

Mono amino oxidase activity was assayed by Mcewen and Cohen method (M.Charles, 1963). The principle of 
the method is the measurement of the benzaldehyde which obtained reaction which is absorbed at wave length 
242 nm after extraction by cyclohexane. 

A-The assay procedure is described in this table: 

Solution Test Control 

Serum 600 μL 600 μL 

MAO buffer 750 μL 750 μL 

Benzalamine 150 μL …….. 
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Water bath shaking for 3 hrs. at 37 ℃. 

Benzalamine ……. 150 μL 

Perchloric acid 150 μL 150 μL 

cyclohexane 1.5 μL 1.5 μL 

Mixed, and centrifugation for 10 min. Then measure absorbance of supernatant at 242 nm. Enzyme activity 
measured through aldehyde formed in 3 hrs.  

MAO activity is measured in human serum by using the same method with replace 750 μL of MAO buffer 
solution with 500 μL MAO buffer +250 μL of different concentration of nanoparticles. 

The activation percentages of ChE and MAO were calculated by comparing the activities with and without the 
nanoparticles under the same conditions, according to the equation: 

% activation = Activity in the presence of nanoparticles / Activity in the absence of nanoparticles x 100 – 100 

A constant concentration of Au and Ag nanoparticles (12 ppm) was used with different substrates of ChE and 
MAO concentrations (0.02, 0.04, 0.06, 0.08, 0.09) M, to calculate the Ki, apparent Vmax (Vmapp), apparent Km 
(Kmapp). These different concentrations were prepared from the stock solution of (0.1 M) MAO and ChE 
substrates. The enzymes activities were determined with and without the nanoparticles, by using the 
Lineweaver-Burk equation and plotting 1/v against 1/[s] (M.P.Kutyreva, 2001). 

3. Results and discussion 

This research addresses on preparation of pure noble metals of Au and Ag nanoparticles colloids, which have 
significant biological and chemical effects (Prashant K, 2007; Nam Jm, 2003; Tkachenko AG, 2003; Hirsch LR, 
2003; Bhupendra, 2010; Mulvaney,P., 1996; J.L.Elechiguerra, 2005; M.Raffi, 2008), and investigation of the 
effects on activities of (ChE and MAO) enzymes. 

Fig. 1 (A and B), shows the extinction spectra of colloidal solutions of Ag and Au samples, respectively. The 
Nd-YAG laser of 1064 nm was utilized as an ablation source. The pulse energy at the target surface was varied 
in the range (300 - 600 mJ) and the beam was focused to have a diameter near the outer edges of the target of 
1.27 and 0.85 mm for Ag and Au, respectively. The metal plate was fixed in a glass vessel filled with 1 ml 
DDDW thus the smokelike colloids above the metal plate was observed. The plate was located at 8 and 7 mm 
from the liquid surface for Ag and Au, respectively. Laser ablation listed for 15 pulses and the solution gradually 
turned to colored with the increase of the number of laser pulses. Fig. 1 (A) shows the Absorbance peaks that 
occurred at around 400 nm is the characteristic SPE signature of Ag nanoparticles (X.P. Zhum, 2006). Fig 1-B 
shows broad band with the Absorbance peak around 526 nm with the peak position remaining practically 
constant, that indicates the production of gold nanoparticles (N.V. Tarasenko, 2006). We observed a faint pink 
coloration of the solution after several pulses of the experiment. In the absorption spectra of the solutions, the 
surface plasmon related peak could be clearly distinguished. This peak was around 520 – 530 nm, which was 
consistent with the presence of small 3 – 30 nm particles in the colloid (F.Mafune, 2002), which also confirmed 
by TEM. 

Figure 2 (A and B) shows the TEM images and corresponding size distributions of silver and gold nanoparticles, 
produced by laser ablation of silver plate immersed in pure water. The nanoparticles thus produced were 
calculated to have the average diameters of 14 nm. It is observed that the average diameter and size distribution 
was increased with the increase of the laser energy. The origin of the surface morphology of the irregularly 
shaped particles sizes and the size distribution broadens can be explained by absorption by defects and thermally 
induced pressure pulses which cause cracking (O.R. Musaev, 2010). 

The biochemical tests revealed that gold and silver nanoparticles colloids, moderate to good activation effects on 
the (ChE and MAO) enzymes activities, the normal values of the (ChE and MAO) enzymes activities without 
nanoparticles colloids are (5.26, 22.4) µmole/3min/mL respectively. 

The relationships between nanoparticles colloids concentrations versus and the activities of enzymes are shown 
in figures (3 and 4), from these results it is observed that any increase in nanoparticles colloids concentrations 
causes increasing activation of enzymes. 

Percentages of activation of enzymes are shown in figures (5, 6). Silver nanoparticles colloid, in 15 ppm 
concentration, exhibited higher percentage of activation of ChE (90.49 %) than gold nanoparticles colloid 
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(34.6 %). Percentage of activation of MAO enzyme that revealed in gold nanoparticles colloid (31.43 %) higher 
than silver nanoparticles colloid (28.73 %), in 15 ppm concentration. 

Kinetic parameters (Kmapp, Vmapp, and Ka) with (12 ppm) concentration of gold and silver nanoparticles 
colloids were also determined at different concentrations of substrate and under the same conditions by using 
lineweaver - Burk equation (Satyanarayna, 2003) and plotted as shown in figures (7 and 8) and table (1). 

Table (1) and figure (7) showed that the Vmax and Km on ChE enzyme activity with (12) ppm of Au and Ag 
nanoparticles and without it, Vmax and Km without Au or Ag nanoparticles of ChE enzyme were 10 
µmole/3min/mL, 0.06 M respectively.  

A liquate (12 ppm) of Au nanoparticles was activation of ChE enzyme and changed the Vmax of the enzyme to 
Vmapp (14.29) µmole/3min/mL. By using Lineweaver-Burk equation was calculated the Ka value of ChE 
enzyme for Au nanoparticles which was studied in different concentration of substance, the Ka was 40 M. 

Table (1) and figure (7) showed that the Vmax and Km on ChE enzyme activity with (12 ppm) of Ag 
nanoparticles, which was activation of ChE enzyme and changed the Km of the enzyme to Kmapp (0.025) M. By 
using Lineweaver-Burk equation was calculated the Ka value of ChE enzyme for Ag nanoparticles which was 
studied in different concentration of substance, the Ka was 20.87 M. 

Table (1) and figure (8) showed that the Vmax and Km on MAO enzyme activity with (12) ppm of Au and Ag 
nanoparticles and without it, Vmax and Km without Au or Ag nanoparticles of MAO enzyme were 28.57 
µmole/3min/mL, 0.0025 M respectively. 

A liquate (12 ppm) of Au nanoparticles was activation of MAO enzyme and changed the Vmax of the enzyme to 
Vmapp 31.25 µmole/3min/mL. Ka value of MAO enzyme for Au nanoparticles which was studied in different 
concentration of substance, the Ka was 139.5 M. 

Table (1) and figure (8) showed that the Vmax and Km on MAO enzyme activity with (12 ppm) of Ag 
nanoparticles, which was activation of MAO enzyme and changed the Vmax of the enzyme to Vmapp 33.33 
µmole/3min/mL. Ka value of MAO enzyme for Ag nanoparticles was 84.00 M. 

The present work is the first study that demonstrates the effects of gold and silver nanoparticles colloids on the 
activities of ChE and MAO enzymes. Some recent researches demonstrated that gold nanoparticles colloids can 
be used in diagnosis and treatment of some kinds of cancer (Prashant K, 2007; Nam Jm, 2003; Tkachenko AG, 
2003; Hirsch LR, 2003; Mulvaney, P., 1996; Brigger I, 2002). Other researches proved that silver nanoparticles 
colloids are anti-bacterial (Bhupendra, 2010; Mulvaney P., 1996; J.L.Elechiguerra, 2005; M.Raffi, 2008). 
Therefore, it was useful to know what is the effects of gold and silver nanoparticles colloids on activities of the 
different enzymes when enter to the human body, then it would be known what the side effects of gold and silver 
nanoparticles colloids on the human body is. ChE and MAO are important enzymes which are found in the 
human body because they are responsible for the major neurotransmitter degrading in the central nervous system 
(CNS) and peripheral tissues. Activation or inhibition of ChE and MAO by chemicals effects the transporting of 
nerve signals in the nervous system, this research proved that gold and silver nanoparticles colloids activated 
ChE and MAO enzymes. Therefore, transporting of the nerve signals in the nervous system were decreased and 
then muscle relaxations increase. 
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Table 1. The kinetic properties of ChE and MAO with Au and Ag nanoparticles 

Nanoparticle Enzyme 
Vmax 

µmole/3min/mL
Km M KmapM 

V map 

µmole/3min/mL 
Ka M 

Au 
ChE 10 0.06 0.06 14.29 40 

MAO 28.57 0.0025 0.0025 31.25 139.5 

Ag 
ChE 10 0.06 0.025 10 20.87 

MAO 28.57 0.0025 0.0025 33.33 84.00 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Absorbance spectra of silver nanoparticles (A), and gold nanoparticles (B), obtained by laser ablation 
of metal plates immersed in DDDW with laser energy of 600 mJ, laser shots of 15 pulses and wave length is 

1064 nm of Nd-YAG 
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Figure 2. TEM images and size distributions of silver (A), and gold nanoparticles (B), produced by laser ablation 
of metal plats immersed in pure water, (λ = 1064 nm and laser shots of 15 pulses) 
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Figure 3. ChE enzyme activity as a function of concentration of (A) Au nanoparticales (B) Ag nanoparticles 
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Figure 4. MAO enzyme activity as a function of concentration of (A) Au nanoparticales (B) Ag nanoparticles 
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Figure 5. % Activation of ChE enzyme and (A)Au nanoparticles concentrations (B) Ag nanoparticles 
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Figure 6. % Activation of MAO enzyme and (A)Au nanoparticles concentrations (B) Ag nanoparticles 
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Figure 7. Lineweaver-Burk plots for (A) Au and (B) Ag nanoparticales effects on ChE 
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Figure 8. Lineweaver-Burk plots for (A) Au and (B) Ag nanoparticales effects on MAO 
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