
SUMMARY
Background/Aim: Human saliva offers many advantages over blood-

based biochemical assays, therefore, becomes the biological fluid of interest. 
Once antiseptic solutions react with saliva, both fluids undergo significant 
changes of their biophysical properties, consequently, those changes have 
an impact on their principal function. Material and Methods: In this 
study, saliva was collected and mixed with 0,1% chlorhexidine digluconate 
solution, fluoride mouthwash, zinc-hydroxyapatite solution and CPP-ACP 
paste. Microfluidic PVC/Green tape chips within the experimental setup 
were used to simulate solution mixing. The chip had 2 inlets and 1 outlet, 
and channel was designed in Y shape without any obstacles. The inlet 
channels were set at a 60° angle. The channel width was 600 µm and the 
diameter of inlets and outlet was 2 mm. For better visualization, blue food 
coloring was added to the saliva. The procedure was recorded with digital 
USB microscope camera and afterwards the percentage of mixing was 
obtained by MATLAB programming language. Results: Obtained results 
show incomplete mixing of all the solutions with saliva. The value of mixed 
liquid, when mixing 0,1% chlorhexidine digluconate solution with saliva 
was 51,11%. In case of medium concentration fluoride mouthwash, result 
was 84,37%. Zinc hydroxyapatite solution obtained result of 85,24%, and 
the fourth tested solution, CPP-ACP paste, 83,89%. Conclusions: Analyzed 
mouthwashes exhibit specific, non uniform behavior during mixing with 
saliva. Microfluidic setups could be efficiently used in simulating real 
clinical conditions in laboratory settings. Image processing mathematical 
models are applicable, accurate and useful in determination of the 
interaction of saliva with commonly used antiseptic solutions.
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Introduction

Saliva, with no doubt, becomes the biological 
fluid of interest. Salivary diagnostics offers many 
advantages over traditional blood-based assays, or any 
other biomedical testing procedure. Some of them are 
stress-free sample collection, non-invasiveness, minimal 
risk of contracting infectious organisms, and many cost-
effective sampling and processing possibilities. Moreover, 
saliva is convenient biological fluid for clinical assays 

in elderly and children due to its fast and non-invasive 
collection. In additional, numerous biological, physical 
and physiological properties of saliva require elucidation 
using new technologies1.

In healthy individual, saliva contains 99,5% of water, 
0,3% of proteins and 0,2% of organic and inorganic 
components. The most common organic substances 
include amylases, peroxidases, lipases, lysozyme, 
mucins, lactoferrin, cystatins, kallikreins, hormones and 
growth factors, while inorganic constituents are sodium, 
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dissolution products7. Therefore, it is necessary to carry 
out as close experiments as possible to fully simulate 
the conditions to which these fluids are exposed within 
the human body in order to explain their movements and 
changes in physicochemical properties.

The aim of this study is to determine applicability 
of the mathematical model, which was operated by 
MATLAB – numerical computing environment and 
programming language developed by MathWorks (Matlab 
com). At the same time, it is important to establish the 
ratio of saliva mixed with antiseptic solution, and what 
happens to their biophysical properties as a consequence 
of the mixing.

Material and Methods 

The research was conducted in complete agreement 
with the ethical standards and laws applicable in Serbia. 
The study protocol was revised and approved by the 
Research Ethical Committee of the Dentistry Clinic of 
Vojvodina in Novi Sad, Serbia and was in accordance with 
the World Medical Association’s Declaration of Helsinki.

In this study, the analyses of saliva collected from 5 
healthy volunteers (authors of the study) were performed, 
and mixing properties of salivary samples were assessed 
against 4 different solutions: 
1. solution of 0,1% chlorhexidine digluconate 

(EludrilCLASSIC, Pierre Fabre medicament, 
Bologna, France), 

2. solution of medium concentration of fluoride 
(2000 ppmF) for mouthwash (FLUOROGAL mite, 
Galenika, Belgrade, Serbia), 

3. zinc hydroxyapatite solution (Zahn-Milch, Dr. Kurt 
Wolff, Bielefeld, Germany) and, 

4. paste based on casein-phosphopeptide nanocomplexes 
and amorphous calcium phosphate (Tooth Mousse, 
GC America, Alsip, Illinois, USA).
Microfluidic PVC/Green tape chips within the 

experimental setup (Figure 1) were used to simulate 
solution mixing. The chip has 2 inlets and 1 outlet. 
Channel has been designed in Y shape without any 
obstacles. The inlet channels are set at a 60° angle. The 
channel width is 600 µm. The diameter of inlets and 
outlet is 2 mm. Chip has functionality of a passive 
mixer driven by the diffusion of the laminar flow in the 
chip microfluidic channel, intended solely to observe 
the laminar flow of the fluid being tested (Figure 2). 
Fabricated chips have 3-layer structure. The top and 
bottom layers of the chip are fabricated by a technique 
called xurography. Xurography involves plotter cutter 
a 125 µm PVC film by a pre-set CAD drawing and their 
subsequent lamination. The middle layer of the chip is 
made of a thin layer of laser-cut unbaked ceramics (green 
tape used for Low Temperature Co-fired Ceramics). This 

potassium, magnesium, calcium, chlorides and carbonates. 
Production of saliva is estimated at 0,5 to 2 litres per 
day. This secretion is very important and both organic 
and inorganic substances are necessary to maintain the 
homeostasis in the oral cavity. Saliva is responsible for 
tooth enamel and mucous membranes protection, which 
are both exposed to biological, chemical and mechanical 
factors. Moreover, it allows digestion and swallowing, 
proper articulation and moisturizes oral tissues that 
requires slower or faster mixing of saliva with the food, 
drinks and oral hygiene products. Mucins in saliva are 
responsible for creation of the protection from toxins 
and various types of irritants incorporated in food or 
drinks. In addition, mucins have ability to interact with 
salivary proteins, regulate their retention and location, 
therefore, increase oral cavity protection. At last, human 
saliva maintains proper acid-base balance by its naturally 
functioning buffer system2.

In a recent period, microfluidics has been developing 
rapidly, as one of the most popular fields in modern 
science and technology. Microfluidic chips in biomedicine 
have attracted a great interest, in view of point-of-the care 
concept or microfluidic lab-on-a-chip approach. Various 
biomedical areas already benefit from these simple, 
worthwhile microfluidic setups, that are relatively easily 
and quickly fabricated. When precision is an imperative, 
techniques that are used are lithography and lasers. 
However, techniques as three-dimensional (3D) printing 
and xurography are more commonly used primarily due 
to its efficacy, speed and low cost of the chips fabricated 
using these methods. Specifically, enabling control of 
fluids on micro-scale, microfluidics chips or lab-on-
chip devices can be used as diverse systems, such as: 
micromixers, micropumps, droplet generation, biosensors, 
optical detection systems, and many other functional 
applications3. 

Like all liquids that are introduced into the oral 
cavity, mouthwashes react with saliva and significantly 
alter their properties as well as those of saliva present 
in the mouth. The effect of mixing of these solutions 
with saliva is still unexplored, and the extent and 
importance of extensive changes in the viscoelastic 
and rheological properties of the reacting solutions has 
been underestimated, if not neglected4. These changes 
can significantly affect the preventive, prophylactic or 
therapeutic effect of the active substances present in the 
mouthwashes. No information is currently available on 
the correlation between the viscosity of acidic solutions 
during rinsing and their erosive potential5. Aykut-Yetkiner 
and his coworkers have shown that the erosive potential 
of acids depends not only on various chemical properties, 
such as pH, but also on the viscosity of the acid solution6. 
Due to the occurrence of erosion, the loss of enamel 
decreases with increasing viscosity, and it can be assumed 
that the relative stickiness of acidic solutions with higher 
viscosity decrease ion exchange and the clearance of 
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blue components, it was able to determine the range 
of pixel values of non-mixed liquids. After mixing, 
the observational field images were processed by the 
algorithm to determine the number of fluid pixels 
whose values did not change (the portion that remained 
unmixed). Then that number was subtracted from the 
total number of pixels and the percentage share of the rest 
(mixed liquids) was calculated. Due to its consistency, 
the CPP-ACP paste could be tested in microfluidic chips 
solely dissolved in 1: 3 distilled water at a syringe pump.

method provides low cost, high precision chip fabrication, 
as well as high durability for high pressure values. 

In all experiments, flow rate has been driven using 
syringe pump. The principle of operation of the syringe 
pump is based on the mechanical pressure exerted on the 
syringe containing the desired fluid and the displacement 
of a volume commensurate with the applied pressure. 
Before starting the experiment, it is necessary to define 
the diameter and volume of the syringe, and then the 
speed is automatically determined by specifying the 
inflow of the pumps. In the experiments with the syringe 
pump we know at all times the parameter we want to 
monitor - the exact flow of fluid through the chip; we used 
flow 20 µL/min. 

In order to quantify the experimental results and 
to obtain the percentage of fluid mixing, the MATLAB 
image processing algorithm was used. MATLAB is 
numerical computing environment and programming 
language developed by MathWorks. The observational 
field of the chip was monitored and filmed during each 
experiment with a USB microscope camera. Saliva was 
stained with blue color (Food liquid color blue, Eterika 
doo Trstenik, Serbia) for easier observation of mixing. 
The resulting images were then processed as follows; 
firstly, the number of all pixels of observational field 
was determined. Due to the fact that every color can be 
uniquely described with its values of red, green and 

Figure 1. Experimental setup with syringe pump and USB microscope 
camera

Figure 2. a) microfluidic Y-channel PVC chip, b) schematic figure of the chip

Results

Four different antiseptic solutions mixed with saliva, 
under the same conditions, were analyzed and calculated 
by MATLAB. Obtained results show incomplete mixing 
of all the solutions with saliva, with moderate variations 
(Figure 3). The value of mixed liquid, when mixing 

0,1% chlorhexidine digluconate solution with saliva was 
51,11% (Figure 4). In case of fluoride mouthwash, result 
was 84,37%, therefore with lower portion of unmixed 
liquid than CXH. Zinc hydroxyapatite solution obtained 
the result of 85,24%, and the fourth tested solution, CPP-
ACP paste, 83,89%.
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Figure 4. Analysis of mixing of saliva and chlorhexidine solution, done by MATLAB programming language. a) mixing of saliva and CHX in the 
chip, b) observational field of the image (a) processed in MATLAB, c) range of pixels of saliva identified by the algorithm, d) range of pixels of CHX 

identified by the algorithm 

Figure 3. Omission of saliva and antiseptic solution inside of the chip; a) 0.1% chlorhexidine digluconate solution, b) fluoride mouthwash, c) zinc 
hydroxyapatite solution, d) CPP-ACP paste dissolved in 1:3 water

Discussion

To the best of authors’ knowledge this is the first 
experimental study that attempted to use mathematical 
model in saliva mixing analysis using microfluidic setup.

In this experiment, 4 standard and widely used 
antiseptic solutions were used. First, Eludril CLASSIC 
mouthwash containing 0,1% chlorhexidine digluconate 

(CHX), which is bacteriostatic in low and bactericidal 
in higher concentrations. The antimicrobial activity of 
chlorhexidine is affected by the environment and by the 
pH value of the oral cavity, it is less effective in acidic 
conditions than in alkaline. At the same time, activity of 
the CHX is reduced by the presence of organic substances 
and food compounds. Even though CHX has proven 
antibacterial activity on the oral environment and salivary 
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Saliva becomes more appealing from the perspective 
of both local and systemic drug delivery, particularly in 
persons with disability and children15. The main effects of 
the optimal mouthwash should be to maintain its activity 
even at low concentration, to cause no discomfort in the 
oral cavity, to promptly act on various oral bacteria, and 
to have no adverse effects. Various types of mouthwashes 
have been vigorously studied throughout the past decades. 
The changes in the mouth after the application of different 
mouthwashes are being constantly observed by collecting 
saliva. Snyder test for the activity of caries proved that 
the saliva itself was inactive to dental caries in all tested 
mouthwashes, which implies that physical cleansing with 
any kind of antiseptic solution may relatively improve 
the caries action in the oral cavity. The phenomenon 
of inhibiting caries activity is believed to be induced by 
alkalising effects of the mouthwashes16. It is generally 
known, that effectiveness of oral hygiene products 
containing fluoride increase with their fluoride ion 
concentration. However, mechanism of caries inhibition 
is different for low-concentration products, such as 
fluoridated water, and for higher-concentration topical 
agents, such as mouth rinses, gels or toothpastes. The 
most significant calcium reservoir for remineralisation 
of teeth remains saliva. Its ability to influence the 
bioavailability of fluoride leads to inhibition of caries 
lesions. Many different factors – such as flow rates, 
age, stimulation effects, individual’s qualities of saliva, 
properties and amount of fluoride containing products – 
affect the salivary fluoride kinetics17. Numerous studies 
have shown that concentration of salivary fluoride 
increases immediately after application of dentifrice or 
mouth rinse, but drops back to the standard level after 3 to 
6 h. It is verifiable fact that fluoride ions have the ability 
to penetrate the plaque by diffusion, and hence it becomes 
a reservoir of fluoride, with capability to store and release 
fluoride for some time. On the other hand, amount of 
fluoride in the plaque is strongly related to the time of 
exposure to fluoride agent and the fluoride formulation18.

Despite the fact that the clinical utilization of CHX 
has been reported in many studies, clashing outcomes 
demonstrate that its viability may be impacted by various 
components, for example, application time in the mouth, 
method of use and concentration. Saliva is a complex 
fluid containing many different proteins and ionic 
compounds that have ability to bind to CHX. Therefore, 
when they come in direct contact, one of the potential 
consequences is neutralization of CHX, resulting in drop 
off in reduction of aerobic and anaerobic salivary bacteria. 
Due to a strongly cationic nature of CHX, it can react with 
anionic chemicals that consequently results in inactivation 
of antimicrobial action. As soon as CHX binds to the 
anionic compounds in lipopolysaccharides of the cellular 
wall of bacteria, by that means, it interferes with their 
membrane transport. Moreover, the current information 
demonstrated that saliva decreases the otherwise powerful 

flora, and additionally, creates protective oral biofilms, it 
may lose its effectiveness against already settled biofilms. 
At a concentration of 0,2%, CHX is considered to be the 
gold standard as local antibacterial solution and in the 
reduction and prophylaxis of plaque formation7. In the 
present investigation, the solution of CHX exhibited the 
lowest mixing ratio with saliva compared to all other 
solutions. Interpretation of this result requires further 
elucidation, because the relationship between mixing and 
prophylactic effect is for sure not linear.

Fluoride use is efficient in prevention and control of 
dental caries, therefore, mouth rinses containing fluoride 
are recommended by dental care professionals worldwide, 
as prophylaxis for patients with high risk for caries. Tooth 
enamel loss occurs when pH on the surface of the tooth 
drops below 5,5. When that happens, fluoride is released 
from its reservoir and induces remineralisation of enamel. 
As the prevention remains a priority, a wide range of 
products, such as mouth rinses were made to directly 
target the dental biofilm8. The results from the present 
investigation suggest that fluoride solution demonstrate 
high proportion of mixing with saliva, that could influence 
the effective concentration of fluoride present in the oral 
biofilm and at the enamel surface.

Third product is CPP-ACP (casein phosphopeptide-
amorphous calcium phosphate) paste GC Tooth Mousse, 
topical cream. It was proven that 1% CPP-ACP solution 
reduces enamel demineralisation by 19% when used 
regularly. The paste binds to biofilms, bacteria and 
plaque, in addition, to surrounding soft tissues of the oral 
cavity, localising bio-available calcium and phosphate9,10. 
Higher effectiveness of the solution is achieved when 
CPP-ACP is maintained in the mouth for longer period. 
One of the most important functions is also to help 
neutralise an acidic oral environment. Furthermore, it 
also provides a coating for patients with condition arising 
from xerostomia and those suffering from erosions11,12. 
Ultimately, efficiency of CPP-ACP is enhanced by saliva, 
and its flavour helps to stimulate saliva. The rationale 
for use CPP/ACP is provision of the reservoir for both 
calcium and phosphorus ions, and demonstrated high 
mixing potential could affect the actual concentrations 
of the aforementioned ions in saliva/oral biofilm/tooth 
surface system.

The mouthwash containing Zn-hydroxyapatite 
was found to have at least the same antibacterial 
efficacy as the mouthwash containing CHX, but without 
expressing the typical side effects of CHX itself. There 
are suggestions in the literature that hydroxyapatite 
mouthwash can serve as a better substitute to different 
mouthwashes including both fluoride and chlorhexidine 
and that a single mouthwash can act as a multi-purpose 
mouthwash13. It has also been reported that it is an 
effective compound for biofilm management in the oral 
cavity due to antiadherent and antibacterial effects14.
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Conclusions

Analyzed mouthwashes exhibit specific, non uniform 
behavior during mixing with saliva. Microfluidic setups 
could be efficiently used in simulating real clinical 
conditions in laboratory settings. Image processing 
mathematical models are applicable, accurate and 
useful in determination of the interaction of saliva with 
commonly used antiseptic solutions.
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