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Abstract— Today, nanomaterials are used in many industrial 
areas such as electronics, optics, textiles, as well as in medical 
devices, biosensors, etc. Among various types of nanoparticles 
(NPs), silica nanoparticles (SiO2 NPs) are one of the most used 
NPs, especially in nanostructuring, drug delivery, cosmetic and 
optical imaging agents. Although NPs have a great importance 
in nanotechnology, they also have a potential toxic effect, which 
cause health problems. Uterus is a hollow muscular organ situ-
ated deep within the female pelvic cavity. The uterine smooth 
muscle, which is situated in uterus, is able to produce regular 
spontaneous contractions without any hormonal or nervous in-
put [17]. Uterine contractions are important in many reproduc-
tive functions including the transport of sperms and embryo, 
menstruation, pregnancy and parturition. In this study, the ef-
fect of SiO2 NPs on uterine contractions are investigated. Ex-
perimentally recorded spontaneous activity of uterus are ana-
lyzed using wavelet transform. Obtained results show that, 
increasing doses of SiO2 NPs decrease the contraction fre-
quency significantly, while energy of contractions does not 
change considerably. 
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I. INTRODUCTION  

Nanotechnology is the usage of the materials and struc-
tures having nanoscale dimensions, usually in the range 1–
100 nm [1-2]. Today, nanomaterials are used in many indus-
trial areas such as electronics, optics, textiles, as well as in 
medical devices, biosensors, etc [3-4]. Among various types 
of nanoparticles (NPs), silica nanoparticles (SiO2 NPs) are 
one of the most used NPs, especially in nanostructuring, drug 
delivery, cosmetic and optical imaging agents [5]. In printer 
toners, they function as anti-binder [6-7]. These SiO2 NPs 
are used also in chemical or mechanical polishing processes, 
including dental polishing to prevent tooth caries [8]. Some 
medical applications use SiO2 NPs as carriers of therapeutic 
agents or for diagnostic purposes [9]. Although NPs have a 

great importance in nanotechnology, they also have a poten-
tial toxic effect, which cause health problems. 

NPs can access the body through various routes, such as 
inhalation, intranasal or intra-tracheal instillation to the res-
piratory tract and lung, gavage or oral exposure to the gastro-
intestinal tract. Beside direct injection into the blood, they 
can enter the blood circulation through these routes and may 
cause adverse biological reactions by modifying the physio-
chemical properties of living matter at the nano level [10-11]. 
Recently, some studies have shown that NPs are responsible 
for toxicity in various systems, organs or tissues such as the 
respiratory system, blood, central nervous system, gastroin-
testinal tract and skin [12-16].  

Uterus is a hollow muscular organ situated deep within the 
female pelvic cavity. The uterine smooth muscle, which is 
situated in uterus, is able to produce regular spontaneous con-
tractions without any hormonal or nervous input [17]. Uter-
ine contractions are important in many reproductive func-
tions including the transport of sperms and embryo, 
menstruation, pregnancy and parturition. Improper or irregu-
lar uterine activity may underlie the common pathological 
disorders such as infertility, improper implantation, preterm 
labor, and weak uterine contraction during labor. In addition, 
successful labor is controlled by the coordinated activity and 
harmony between the uterine smooth muscle cells. If this ac-
tivity becomes too weak or strong, normal labor may not be 
progressed which could lead to fetal morbidity and mortality.  

In literature, to the best of our knowledge, there is no study 
investigating whether improper or irregular uterine activity 
may be triggered by NPs or not. In this study, the effects of 
SiO2 NPs on uterine spontaneous activity and uterine smooth 
muscle are investigated. Rat uterus are used for experimental 
spontaneous activity measurements. Spontaneous activity 
records for different SiO2 NPs doses are analyzed using sig-
nal processing and statistical analysis techniques. Obtained 
results are thought to have considerable value regarding the 
use of SiO2 NPs in the future.  
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II. MATERIAL AND METHODS 

A. Synthesis of Nanoparticles 

SiO2 NPs were prepared according to Stöber method [18] 
in Mersin University Advanced Technology, Education, Re-
search and Application Center. A mix solution (1.2 mL 
TEOS, 0.1 mL APTES, 1.2 mL NH4OH, 5 mL ethanol) pre-
pared under inert atmosphere was blended overnight. At the 
end of reaction, silica nanoparticles were washed with etha-
nol for four times to remove artifact reactives. After some 
intermediate processes on synthetized particles, the shape 
and size of them were analyzed using Field Emission-Scan-
ning Electron Microscopy (FE-SEM) and SiO2 NPs with 
20nm particle size were selected for biological studies via ap-
propriate filters.  

B. Experimental Animals and Preparation of Isolated 
Uterine Strips 

28 non-pregnant female Wistar albino rats having 200–
250 g weights were used in the study. Rats were maintained 
in polycarbonate cages (6 rats per cage) at 25±1.5 °C in the 
environment with 55% humidity level under the 12:12 h day-
night cycle. The oestrus phase of the oestrus cycle was deter-
mined by microscopic examination of a daily vaginal smear 
[19]. All rats were then sacrificed for uterus dislocation. Fol-
lowing cervical dislocation, uterine horns were rapidly re-
moved and carefully cleaned from surrounding connective 
and adipose tissues. Uterine strips were prepared from horns 
about 1 cm in length. In order to examine the acute actions of 
SiO2 nanoparticle on uterus smooth muscle, the strips were 
treated with different concentrations. For this purpose, uter-
ine strips were divided into four groups (seven strips per 
group) as follows: group I, control; group II, low dose (250 
µg/mL SiO2 NP); group III, medium dose (500 µg/mL SiO2 
NP); and group IV, high dose (1000 µg/mL SiO2 NP). 

C. Acquisition of Spontaneous Activity and Analysis of the 
Records 

For the recording of spontaneous activity, the uterine 
strips were placed vertically in 20 mL organ baths with Krebs 
solution having the composition of (mM) NaCl 118.0, KCl 
4.55, MgSO4 5.7, KH2PO4 1.1, CaCl2 2.52, NaHCO3 25.0 
and glucose 11.0 with pH adjusted to 7.4. During the experi-
ments, the bathing solution was bubbled with a mixture of 
95% O2 and 5% CO2. All experiments were carried out at 37 
°C. One end of the uterine strip was fixed to a hook in the 
organ bath and the other connected to an isometric trans-
ducer. After the uterine smooth muscle strips were placed 
into the organ bath, 2 g of resting muscle tension was applied 

for 60 min to achieve stability. When the contractions be-
came regular, data acquisition was started for all groups using 
BIOPAC MP 35 electrophysiological recording station 
(Santa Barbara, USA). After 30 minutes of control record, 
SiO2 NPS were added to the Krebs solution for groups II, III 
and IV at corresponding levels and recording was continued 
for 120 minutes long. For group I, recording continued for 
150 minutes long without addition of NPs at 30th minute. 
Data were digitized with a rate of 1 sample/s and stored on a 
computer for signal analysis. 

In this study, Wavelet Transform is used to analyze the 
uterus spontaneous activity records. The continuous wavelet 
transform (CWT) can decompose a signal into a set of finite 
basis functions [20]. Wavelet coefficients 𝐶𝑥 𝑎, 𝜏  are pro-
duced through the convolution of a mother wavelet function 
Ψ(t) with the analyzed signal x(t) as 

  𝐶𝑥 𝑎, 𝜏 = √𝑎 ∫ 𝑥 𝑡 Ψ∗ 𝑡− 𝜏𝑎 𝑑𝑡 (1) 

where a and τ denote the scale and translation parameters re-
spectively, and ∗ denotes complex conjugation. By adjusting 
the scale a, a series of different frequency components in the 
signal can be extracted. Therefore, it is possible to say that 
the wavelet transform projects the information of the time se-
ries 𝑥 𝑡  on the two dimension space (scale or frequency-1 a 
and translation or time τ). In this study, the complex Morlet 
wavelet function is used as mother wavelet because of its 
similarity to the recorded contraction waveform. The scalo-
gram of x represents the energy of 𝐶𝑥 𝑎, 𝜏  as scale a and de-
fined by the function 

  𝑆 𝑎 = ‖𝐶𝑥 𝑎, 𝜏 ‖ = ∫|𝐶𝑥 𝑎, 𝜏 | 𝑑𝜏 (2) 

Clearly, 𝑆 𝑎 ≥0 for all scale a, and if 𝑆 𝑎 >0, the signal x is 
said to have details at scale a. Therefore, the scalogram ena-
bles to detect the most representative scales (or frequencies) 
of a signal, i.e. the frequencies that contribute the most to the 
total energy of the signal. In this study, wavelet coefficients 
of the recordings were calculated at 256 discrete scales using 
(1) first, and then the scalogram were obtained at these scales 
using (2). Finally, energy values at each coefficient is nor-
malized as in (3), i.e. percent energy distribution of the re-
cordings were obtained.  

  𝑆𝐶 = ∗𝑆∑ 𝑆𝑐𝑜 𝑠  (3) 

These calculations enable us to quantize the information in 
the records and therefore, evaluation of the effect of SiO2 
NPs on uterine contractions. For this purpose, first, contrac-
tion energy values and corresponding frequency values were 
calculated from obtained normalized scalogram images. 
Then mean of these values were calculated for every 30 
minutes of recording and stored in a data matrix for each 
group. Finally, this data matrix underwent statistical analysis.  


