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Clinical Implications 

Incorporation of miconazole in polymeric microparticles added to denture adhesives seems to be a safe formulation 
because it behaved similarly to the commercially available adhesive, presenting mild toxicity.

Introduction 

Oral rehabilitation using complete dentures aims at restoring the occlusal support and the chewing function [1], as well as 
reinstating patients’ self-confident after dental loss [2]. Quality clinical practice and the prosthesis routine maintenance must 
promote better adaptation, comfort, chewing ability and safety regarding the use of dentures, and denture adhesives might 
enhance this process [3-7]. Studies have been showing their effectiveness in reducing the displacement of mandibular and 
maxillary complete dentures with deficient retention and stability during chewing, swallowing and speech [8], improving their 
users’ general satisfaction [7-15]. Over 65% of complete denture wearers present denture stomatitis [16] and, in most cases, it is 
caused by Candida albicans [17]. The treatment of this infection involves oral and prosthetic hygiene [18] and removal during 
the night [19], correction of the denture flaws [20] and topic and systemic use of antifungal agents. Miconazole nitrate (MN) is 
a broad spectrum triazole antifungal of first choice that has been employed in the treatment of candidiasis since 1970 [21-23]. 
It is catalogued in the Biopharmaceutical Classification System (SCF) as class II presenting low solubility in water and high 
permeability. This antifungal inhibits the cytochrome P450 14α-demethylase enzyme, inhibiting the synthesis of ergosterol, 
which is an essential component of the fungal cell membrane [24].

Microbiologically, it has demonstrated in vitro activity against several species of Candida. However, resistance of up to 
17% has been reported to C. albicans e and 45% regarding nonalbicans species [25]. Currently, it is the antifungal indicated in 
the EP treatment for topic use in its 2% gel formulation [19,26]. However, a weak response to topical antifungal is usual [19] 
due to their dilution and fast elimination through the salivary flow [27] in addition of the need for multiple applications, which 
might reduce the patients’ cooperation [28]. With the purpose of optimizing the effects of topical medication, the technology 
associated to the changes in medicine release has been through remarkable evolution in the last few decades, as an attempt 
to increase their inherent advantages [29]. Regarding users of removable dental prosthesis, aiming at taking advantage of the 
extended period of permanence of such devices in their oral cavity, a denture adhesive containing polymeric microparticles that 
release MN was developed and was shown effective against in vitro C. albicans [30], based on the improvement of the antifungal 
solubility. The material presented adhesive properties similar to those of a commercially available adhesive and was non-toxic 
to invertebrated Organisms [30]. Considering the American Dental Association-ADA, specification [32], instruction regarding 
essential properties of an adhesive for complete dentures [31], such as the absence of toxicity, biocompatibility with the mucosa 
and ability to inhibit the growth of microorganisms adjacent to dentures, it seemed relevant to carry out an in vivo test of the 
adhesive developed [30,31]. The objective of this study was to confirm the results obtained in the in vitro evaluations, through 
a study on animals - rats - evaluating the toxicity of the new product. The null hypothesis (HO) of this study was that injection 
of experimental denture adhesive in the peritoneal cavity of rats would not promote behavioural and physiological alterations 
different form the artificial saliva nor the commercially available denture adhesive.
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Abstract

The choice treatment for denture stomatitis are topical antifungals such as miconazole nitrate (MN). Targeting denture 
wearers, an experimental denture adhesive (EA) was developed containing polymeric microparticles (MPs) for the delivery 
of MN. Objectives: To investigate the systemic toxicity in rats of the EA added with MN MPs. Methods: Thirty-five Wistar 
rats received intraperitoneal injection of the materials: artificial saliva (AS) as solvent, Corega Cream® (CCDA), pure 
EA or EA added with MN MPs (sigla), and pure MN or MNMP. Animal behavior impairment (level 0-4) and weight 
(g) analyses were carried out at 0, 24, 48 and 72 h. Blood was collected to detect C-reactive protein. The intraperitoneal 
washing was analyzed through red blood cell and leukocyte counts and turbidity degree. Descriptive statistical analysis 
was performed for behavior and turbidity. Normality of red blood cells (thousand/L) and leukocytes (million/L) counts was 
verified (Shapiro-Wilk, p<0.0001). Statistical analysis was performed using Kruskall-Wallis and Mann-Whitney U tests 
with Bonferroni adjustment. Results: No significant difference between weights of groups was found for time (p=0,551). 
No behavior alterations level 2, 3 or 4 were observed. The C-Reactive protein was negative for all groups. The leukocyte 
and red blood cell counts showed significant difference between the groups AS and EA+MNMP (p=0.016 and p=0.009, 
respectively). No significant difference was found between EA+MNM and the CCA (p=0.917) group in the leukocyte count. 
Significance: The denture adhesive with antifungal presented similar results to those of the commercially available adhesive, 
and pure saliva was sufficient to cause peritoneum systemic toxicity.
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This study was approved by the Animal Use Ethics Committee – CEUA of the State 
University of Ponta Grossa, Paraná, Brazil (protocol nº 6897/2016). For every study, the 
concept of homeostasis for the animals’ wellbeing was established [33,34]. The technical 
norms International Organization for Standartization (ISO 10993-1157), 2015 [35] 
were considered, and the study aimed at observing the potential of systemic toxicity of 
extracts originated from the experimental adhesives and the control after intraperitoneal 
inoculation in rats. The animals were kept in cages with availability of ration and water ad 
libitum. On the days scheduled for inoculation and sacrifice, the animals were removed 
from the State University of Ponta Grossa, Paraná, Brazil vivarium and taken to the 
operation technique and experimental surgery laboratory of the same institution with 
prevention of noise and sharp movements. 

Sample 

The initial sample contained 35 Wistar rats (Rattus norvegicus), from 2 to 3 months 
old and weighing between 250 g and 390 g, obtained from the State University of Ponta 
Grossa, Paraná, Brazil vivarium. The calculation of the sample size was carried out using 
the software G Power [36] resulting in 5 animals in each experimental group.

Materials Tested 

All the materials selected for the study were diluted in artificial saliva (0,62 g/l 
potassium chloride, 0,17 g/l calcium chloride, 0,06 g/l magnesium chloride, 4,82 g/l 
monobasic sodium hydrogen phosphate, 4,04 g/l sodium phosphate dibasic heptahydrate 
and 0,0044 g/l sodium fluoride in 1 l distilled water) (Reinke et al, 2015). So, the first 
experimental group was named Artificial Saliva (AS). Other materials were solubilized 
in this solution to form all the other experimental groups: Corega Creme® (GSK, 
Buenos Aires, Argentina), as a reference of commercially available denture adhesive, 
composed by partial mixed sodium/calcium salt of polycarboxycellulose, mineral oil and 
vaseline, conformed group Corega Creme Adhesive (CCA); An experimental adhesive 
previously developed (Cartagena et al, 2017), composed by Gantrez MS-955 (R), sodium 
carboxymethyl cellulose, liquid parafin, white petrolatum, Versagel®, BHT, colloidal 
silica and Nipazol® (propylparaben) formed group Experimental Denture Adhesive (EA); 
miconazole nitrate encapsulated in a mixture of Eudragit L-100 and Gantrez MS-955 (R) 
microparticles, composed by water, miconazole nitrate (2%), Eudagrit L-100, Gantrez 
MS-955 (R) and ethanol (Cartagena et al, 2017) formed group Miconazole Nitrate-
loaded Microparticles (MNM); the two last groups joined formed group Experimental 
Denture Adhesive with Miconazole Nitrateloaded Microparticles (EA+MNM), being the 
miconazole nitrate at 2% in the mixture; pure miconazole nitrate (Sigma Aldrich, Saint 
Louis, Missouri, EUA) formed group MN. Finally, group C was conformed without any 
material, as follows. 

The materials belonging to all groups were solubilized in artificial saliva, as an 
extraction means and, following the ISO 10993-1 standard35, for each 20 ml extraction 
means, 2 to 4 g material was used. The artificial saliva was aseptically filtered inside the 
laminar flow hood and added to each material. The flasks containing the extraction means 
with and without material were kept at 37°C for 72 h and then transferred to sterile flasks 
and then stored until use. The animals belonging to group C did not receive any type of 
material, but were submitted to the same management, transportation and anaesthesia 
procedures as the ones in the other groups. The MN group was included in the study to 
differentiate the intrinsic toxicity of this drug from that obtained by the groups containing 
it and the CCA group was inserted as the parameter of toxicity of a commercially available 
material. Likewise, the AS group was included to verify the toxicity of the dissolution 
means of all materials under study.

Procedures for the intraperitoneal injection of the materials tested 

Trichotomy was carried out followed by intraperitoneal inoculation [37,38] of the 
extracts in the proportion of 50 ml/Kg animal body weight. The animal was held from 
the back and positioned with the ventral surface upwards. The injection was applied in 
the abdomen posterior quadrant, on the right side of the animal and on the left side of 
the operator. The substance was injected in the peritoneal cavity between the abdominal 
organs. The animals were numbered 1 to 5 through marks on their tails, according to 
the groups of materials to be tested. Immediately after injection and identification, 
the animals were transferred to the transportation cages and remained in the surgical 
center until the last animal was submitted to the experimental procedures, and after that 
returned to the vivarium resuming their daily routine. 

Weight and behavioural analysis of the animals 

The animals were weighed using digital scales and analyzed in relation to their 
behaviour at the moments 0 h (baseline-immediately before the injection of samples) 24 
h, 48 h and 72 h after the injection. The animals’ weight and individual behaviour were 
recorded in a specific card to allow the descriptive analysis of the groups, evaluated by the 
Systemic Toxicity Index – STI - ISO 10993 part 11.35 According to this system, animal 
without symptoms is classified as normal and given serum level 0; when animal shows 
mild adverse symptoms, but noticeable, of hypokinesia, dyspnea or abdominal irritation, 
it is considered light response to injection and recorded serum level 1; an animal shows 
definite evidence of hypokinesia, dyspnea, abdominal irritation, ptosis or diarrhea 
(usually the body weight drops sharply) is considered moderate response to injection and 
recorded serum level 2; severe response is considered when the animal shows prostration, 
cyanosis, shaking or severe symptoms of dyspnea, abdominal irritation, ptosis or diarrhea 
(extreme loss of body weight) and the score recorded is 3. The worst scenario is the death 
of animal, recorded score 4. 

Analysis of the peritoneal wash for the investigation of C-reactive protein 
and verification of turbidity and cell count 

Blood collection for the C-Reactive protein analysis was carried out through cardiac 
puncture. With that purpose, after the behavioural observation period at 0 h, 24 h, 
48 h and 72 h and the last weighing, the animals were sedated and anesthetised with 
intramuscular ketamin and xylazin (50 mg/Kg). An incision in the medium line, aiming 
at the peritoneal region was carried out [40,41]. The blood collected was mixed with 3,2% 
sodium citrate, centrifuged and the supernatant poured in tubes for later analysis. For the 
turbidity analysis and cell count, the animals’ abdomen peritoneal cavity was washed with 
5 ml saline solution, sucked, and treated with the EDTA contained in  the test tubes. The 
samples of both blood and wash were identified and sent to a clinical analysis laboratory 
(Laboratório Oscar Pereira, Ponta Grossa-PR, Brazil) for the evaluation of the presence 
of C-Reactive protein (registered as positive or negative), leukocyte (million/L) and red 
blood cell (thousand/L) count, as well as the turbidity analysis of the cell resuspension 
(qualitative). All evaluations were carried out by an experienced analyst and a technical 
report was issued [42,43]. The leukocyte and red blood cell count was carried out 
using the equipment bc-2800 vet. The turbidity degree analysis was performed visually 
following a 1-5 scale [44].

Data Analysis 

For the behavioural descriptive statistics, the animals’ symptoms were observed and 
classified [33], throughout the times 0 h, 24 h, 48 h and 72 h, according to the systemic 
toxicity serum levels and the frequency percentages were calculated. The frequency of 
crosses was established for the turbidity descriptive statistics, which was considered 
qualitative to obtain the frequencies among the groups. It was considered non-parametric 
to proceed the remaining analyses, since it is an ordinal qualitative variable. The normality 
of leukocyte (million/L) and red blood cell  (thousand/L) count was tested using the 
Shapiro-Wilk test and neither of them followed a normal distribution (p<0,0001). 
Therefore, the Kruskall-Wallis test was employed to verify the differences between groups 
and Mann-Withney U test with Bonferroni correction was used as post-hoc to verify 
differences between groups in pairwise comparisons. All tests were considered significant 
when p<0.05 and the analyses were aided by the software SPSS 20.0 [39]. 

Results 

Animals’ Weight and Behavioural Analysis 

The Shapiro-Wilk test demonstrated that the animals’ weight values did not show a 
normal distribution (p = 0.009). The median and the interquartile interval in each group 
tested are shown in Table 1. No significant difference was observed between groups 
or when their weight was compared within each observation time: 0 h (p=0.672), 24 
h (p=0.865), 48 h (p=0.551) and 72 h (p=0.228). The percentages (%) of frequency of 
alteration of the animals’ behaviour, according to the systemic toxicity serum level (0, 1, 
2, 3 or 4), within the times, for the groups (n = 5) under study demonstrated absent serum 
alterations levels 2, 3 or 4  in any of the experimental groups or the times evaluated. The 
group EA + MNM showed level 1 of behavioural serum alteration in the 24 h, 48 h and 72 
h observations in one animal only (20%). Identical behaviour was seen in the group CCA. 
Among the animals in group MN (n = 6 only for this group), one presented behavioural 
serum alteration of level 1 at 48 h and kept that behaviour up to 72 h. 
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Table 1: Descriptive statistics of the animals’ weight (g) within each time observed 
according to the groups.

Group
0 h 24 h 48 h 72 h

Median IQI Median IQI Median IQI Median IQI

GENERAL 328.00 34.00 324.00 26.00 318.00 30.00 318.00 20.00

C 316.00 45.00 320.00 47.00 320.00 54.00 326.00 38.00

AS 354.00 73.00 360.00 74.00 338.00 70.00 360.00 76.00

CCA 334.00 37.00 320.00 40.00 310.00 37.00 310.00 34.00

EA 328.00 34.00 318.00 38.00 314.00 43.00 312.00 41.00

EA+MN M 336.00 32.00 332.00 29.00 312.00 30.00 310.00 27.00

MNM 326.00 20.00 320.00 15.00 320.80 14.00 322.00 14.00

MN 328.00 31.00 326.00 18.00 326.40 17.00 318.00 18.00

Results of C-Reactive Protein and Verification of Turbidity and Cell Count 

The C-Reactive protein investigation did not show positive results for any of the 
experimental groups. The turbidity frequencies found for each experimental group are 
shown in Table 2. 

Table 2: Frequencies of turbidity crosses in each group.

Total
0 + ++ +++ +++ +++++ 

Total 
N % N % N % N % N % N % 

C 3 60.0% 2 40.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 5

AS 0 0.0% 2 40.0% 3 60.0% 0 0.0% 0 0.0% 0 0.0% 5

CCA 0 0.0% 0 0.0% 3 60.0% 1 20.0% 0 0.0% 1 20.0% 5

EA 0 0.0% 1 20.0% 3 60.0% 1 20.0% 0 0.0% 0 0.0% 5

EA + 

MNM
0 0.0% 0 0.0% 0 0.0% 1 20.0% 0 0.0% 4 80.0% 5

MNM 0 0.0% 2 40.0% 2 40.0% 1 20.0% 0 0.0% 0 0.0% 5

MN 0 0.0% 0 0.0% 2 33.3% 2 33.3% 0 0.0% 2 33.3% 6

Total 3  7  13  6  0  7  36

The turbidity analysis showed that group C presented degrees 0 and 1. Group AS 
presented degrees 1 and 2 of turbidity. Groups EA and MNM showed degrees 1, 2 and 
3. Group CCA showed degrees 2 and 4. Groups EA+MNM and MN showed degree 5. 
The Kruskall-Wallys test for turbidity showed statistical difference between the groups 
(p=0.004, Table 4). Regarding the turbidity analysis, the pairwise comparison showed 
statistical difference between groups AS and EA+MNM  (p=0.006) and MN (p=0.021). 
Group CCA differed from groups C (p=0.042) and EA+MNM  (p=0.041). Group 
EA+MNM also presented statistical difference in relation to the groups MN (p=0.013), C 
(p=0.031) and MNM (p=0,009). Groups C and MN were also different one from another 
(p=0.009). The median and interquartile interval in each group tested are shown in Table 
3. The Kruskall-Wallys test for leukocytes (p=0.001) and red blood cells (p=0.004) revealed 
statistical difference between the groups. The pairwise comparison of groups using the 
Mann-Withney test is shown in Table 4. In the leukocyte investigation, all experimental 
groups showed counts statistically higher than the control group (C). Regarding the same 
parameter, the experimental adhesive with (EA+MNM) or without (EA) miconazole 
microparticles and the pure miconazole nitrate (MN) presented statistically similar cell 
counts to that of the commercially available cream adhesive (CCA). In the red blood cell 
count, groups AS, EA and EA+MNM presented statistically higher cell counts than that of 
the control group. These values are shown in the graph of  Figure 1 & 2.

Table 3: Descriptive statistics of leukocyte and red blood cell count in each group.

(million/L) 
Leukocytes 

(thousand/L)
Red blood cell 

MD* IQR MD* IQR 

AS 9500 7750 AS  30 24

CCA 23800 17850 CCA  0 190

EA 19000 14500 EA  10 30

EA+MNM 23900 8150 EA+MNM  1510 2020

C 3300 1400 C  0 0

MNM 6000 5350 MNM  20 50

MN 9100 35300 MN 575 1150

Source: AS = Artificial Saliva; CCA = Corega Cream Adhesive ®; EA = Experimental 
Adhesive; MNM = Miconazole Nitrate Microparticles; C = Control; MN = Miconazole 
Nitrate. MD=median; IQR=interquartile range.

Table 4: Statistical test results of leukocyte and red blood cell pairwise comparison.

Groups 
LEUKOCYTES RED BLOOD CELLS TURBIDITY

p-value p-value p-value 

AS X CCA 0.016* 0.829 0.059

AS X EA 0.175 0.523 0.107

AS X EA+MNM 0.016* 0.009* 0.006*

AS X C 0.009* 0.018* 0.18

AS X MNM 0.53 0.667 0.729

AS X MN 0.855 0.054 0.021*

CCA X EA 0.251 0.592 0.558

CCA X EA+MNM 0.917 0.026* 0.041*

CCAXC 0.009* 0.136 0.042*

CCA X MNM 0.009* 0.911 0.178

CCA XMN 0.144 0.112 0.434

EA+MNM X MN 0.117 0.015* 0.013*

EAXC 0.009* 0.005* 0.046

EA X MNM 0.175 1 0.343

EA X MN 0.465 0.065 0.165

EA+MNM X C 0.009* 0.005* 0.031*

EA+MNM X MNM 0.009* 0.016* 0.009*

EA+MNM X MN 0.1 0.465 0.106

C X MNM 0.009* 0.054 0.195

C X MN 0.006* 0.013* 0.040*

MNM X MN 0.234 0.052 0.058

Figure 1: Boxplot of the leukocyte count (million/L) according to groups (AS = 
Artificial Saliva; CCA = Corega Cream Adhesive ®; EA = Experimental Adhesive; 
MNM = Miconazole Nitrate Microparticles; C = Control; MN = Miconazole Nitrate).
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Regarding both leukocytes and red blood cells, there was significant difference 
between the pure saliva group (AS) when compared to the experimental adhesive with 
microparticles (p=0.016 and p=0.009). No significant difference was found between the 
adhesive with microparticles and the commercially available adhesive (p=0.917) in the 
leukocyte count. When red blood cells were counted, significant difference (p=0.026) 
was observed. Between the control group and pure saliva group, significant difference 
was found for leukocytes (p=0.009) and red blood cells (p=0.018). The leukocyte count 
showed significant difference when compared to the groups AS and CCA (p = 0.016), and 
also between CCA and MNM (p = 0.009). As for the red blood cells, the group EA+MNM 
presented significant difference when compared to the groups CCA (p=0.026) and MNM 
(p = 0.016). No significant difference was observed between groups EA+MNM and MN 
(p = 0.465). The turbidity analysis was compared to the leukocyte and red blood cell 
values to verify whether there was any correlation between them. Significant correlation 
was observed between: turbidity x leukocytes (p=<0.001) and turbidity x red blood 
cells (p=0.004). Frequency turbidity values were then pairwise compared in relation to 
leukocytes and red blood cells (Table 5). The number of leukocytes present in the samples 
with turbidity 5 was statistically different from turbidity 0 (p=0.004) and also from 
turbidity 1 (p=0.041). These values are shown in the graph of Figure 3A. Regarding red 
blood cells, in addition to the differences found between turbidity 0 and 5 (p= 0.002) and 
1 and 5 (p˂0.001), there was also difference between frequencies 2 and 5 (p=0.002). These 
values are presented in the graph of Figure 3B. 

Table 5: Turbidity degree in relation to the leukocyte and red blood cell values.

Turbidity 
LEUKOCYTES RED BLOOD CELLS 

p-value p-value 

0 x 1 0.192 0.645

0 x 2 0.118 0.207

0 x 3 0.206 0.076

0 x 5 0.004* 0.002*

1 x 2 0.128 0.296

1 x 3 0.185 0.048

1 x 5 0.041* <0.001*

2 x 3 0.96 0.287

2 x 5 0.805 0.002*

3 x 5 0.153 0.243

Discussion 

Among the main functional characteristics of the peritoneum, and which justifies 
its choice for in vivo tests, is that the secretion of the peritoneal liquid is between the 
intestines and promotes great absorption and release of substances to the circulation 
and from there to the peritoneal cavity. Therefore, if there is high release of toxins by 
the material/extract being tested, absorption at a systemic level will occur [38,39]. The 
observation carried out is both macroscopic and microscopic and considers adverse 
reactions that the animals might develop after inoculation within 72 h [40]. When 
behaviour was analysed in this study, in most of the times observed, the serum level 
was 0 (without symptoms), or equal 1 (mild adverse symptoms, but with noticeable 
hypokinesia, dyspnea or abdominal irritation) in the experimental adhesive (EA), 
experimental adhesive with miconazole microparticles (EA+MNM) and miconazole 
microparticles (MNM) groups, after application. Groups control (C) and artificial saliva 
(AS) always presented values equal 0. The animals did not present acute effects in the 
first 24 h after the injection of the substances being tested. The EA+MNM group did 
not cause systemic or local dysfunction in the animals in most cases. The rats kept their 
normal organic functions, did not present intestine dysfunction, or any skin sign such 
as cyanosis or redness. No deaths were observed among the animals tested during the 
period of investigation. 

Weight variation is a parameter to evaluate the toxicity of new medication [41,42] 
heavy metals [43], and even adverse effects of irradiation such as that produced by wireless 
communication devices44, and the interval between weighing is always proportional to 
the time of evaluation of the experiment. Wistar rats have a body weight development 
curve lower than that of other rat species [44] and few biocompatibility and toxicity 
studies are found in the literature including this rat lineage [45]. During the experiment, 
the weight of the animals was recorded daily [42] for three days. This parameter did 
not enable the identification of toxicity for any of the groups under investigation. 
Weight variation was observed throughout the period, but no significant difference was 
found between times, which demonstrates that neither the EA+MNM nor the other 
materials tested caused negative interference regarding the welfare of the animals, since 
no significant body weight loss was identified. The period of time considered in the 
evaluation of body weight might vary from 3 days [40], 14 days [42], 20 days [43], up 
to 90 days [41]. In this study, the time of analysis was 72 h, which might explain the 
little variation found regarding weight values for all groups investigated. The presence 
of C-Reactive protein was evaluated as a parameter of inflammatory or infectious 
processes.45 The C-Reactive protein is considered a powerful mediator of inflammation 
in rats [46,47]. Studies focusing on the analysis of intraperitoneal toxicity in rats have 
been carried out, both in the presence and in the absence of C-Reactive protein, which 
demonstrates alteration in the immunological system, resulting from the phagocytic 
activity originated by a stimulation of the immunological system [46,47]. The protein 
was not found in any of the samples, all the results were negative. This result suggests 
that neither the adhesive with miconazole microparticles, nor the other materials under 
analysis caused noticeable inflammatory reaction at serum level. The intraperitoneal wash 
was analysed with the purpose of verifying whether the time of animal contact with the 
extract resulted in cell migration to the inoculation area. The global cell count in the 
intraperitoneal wash pointed out a possible local or systemic toxic reaction, generating an 
inflammatory process [40]. The peritoneal wash was microscopically (leukocyte and red 
blood cell count) and macroscopically (turbidity) evaluated. Leukocyte count was carried 
out to verify whether the administration of each substance caused any adverse reactions 
in the animal body, such as inflammation, infection or stress [47]. Higher numbers of 
leukocytes indicate that the immunological system of the body tried to stop the substance, 
which could be toxic, as an intoxication pathological response.48 The leukocyte cell 
count showed that the experimental adhesive with miconazole microparticles behaved 
similarly to the commercially available adhesive. The artificial saliva per se was sufficient 
to cause a reaction in the peritoneum, since a great number of leukocytes was found when 
compared to group C. 

The presence of red blood cells suggests blood content in the intraperitoneal wash, 
which might occur as a result of the surgical procedure, as well as due to the presence of an 
inflammatory process, depending on the values obtained [40]. A high number of red blood 

Figure 2: Boxplot of the red blood cell count (thousand/L) according to groups (AS 
= Artificial Saliva; CCA = Corega Cream Adhesive ®; EA = Experimental Adhesive; 
MNM = Miconazole Nitrate Microparticles; C = Control; MN = Miconazole Nitrate).

Figure 3A: Bloxplot of leukocyte count 
(million/L) according to turbidity 
frequency (AS = Artificial Saliva; CCA 
= Corega Cream Adhesive ®; EA 
= Experimental Adhesive; MNM = 
Miconazole Nitrate Microparticles; C = 
Control; MN = Miconazole Nitrate).

Figure 3B: Bloxplot of red blood cell 
count (thousand/L) according to 
turbidity frequency (AS = Artificial 
Saliva; CCA = Corega Cream Adhesive 
®; EA = Experimental Adhesive; MNM 
= Miconazole Nitrate Microparticles; C 
= Control; MN = Miconazole Nitrate).
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cells might indicate increase in the bone marrow activity, due to an intoxication process 
[48]. Group C did not present red blood cell count values, similarly to commercially 
available cream adhesive group (CCA), which demonstrates that the surgical procedure 
did not influence the counting of these cells. The red blood cell count showed that the 
experimental adhesive with miconazole microparticles did not behave in the same way 
as the commercially available adhesive or the control group, since the number of red 
blood cells found was higher, thus indicating the onset of an inflammatory process. 
Curiously, the pure experimental adhesive did not influence the number of red blood 
cells found in the intraperitoneal cavity of the animals. This material contains substances 
such as vaseline and silica, which are commonly used materials in compositions of skin 
moisturizers [49], ointments, emollient products to treat skin diseases, ear diseases [50], 
and treatment of heart illnesses [51], which have been largely and safely used by human 
beings. The buthyhydroxytoluene used is also a conservative and antioxidant used both in 
cosmetic and food industries [52]. These might be reasons why the experimental adhesive 
was found to be so biocompatible.

The relation between the turbidity degree and the number of cells was investigated 
in this study and was positive in some cases, since the turbidity scores seem to be 
related to the presence of cells in the intraperitoneal wash, both leukocytes and red 
blood cells. However, turbidity might be also related to the presence of cell fragments, 
fibrin deposition, and peritoneum calcification [53], as well as segmented neutrophils, 
macrophages, lymphocytes, and eosinophils [54]. For this reason, it was not always 
related to the presence of leukocytes or red blood cells in our experiments. The results 
obtained suggest non-toxicity or tolerable toxicity of the material being developed, since 
its behaviour was similar to that already commercially available. Regarding the turbidity 
degree observed, higher values might be related to the presence of miconazole nitrate 
in the composition of the solutions used, since degree 5 turbidity values were found 
more frequently in groups E+MNM and MN. Group MN did not present toxicity in 
some studies developed. However, the systemic use of NM has been reported to trigger 
hepatic and cardiovascular side effects [27,31]. To Coley et al., 1997 cardiovascular side 
effects such as cardiac arrhythmia might occur due to fast intravenous administration, 
insufficient dilution and the drug vehicle. The results found suggest that the toxicity of 
the experimental material proposed in this study was shown to be absent in some cases 
and in others comparable to that in the control, which suggests biological safety in its use. 
However, other tests, such as the subcutaneous implant and histopathological analysis 
should be carried out to confirm the toxicity of the material investigated. This would 
result in data to enable the performance of tertiary clinical tests.  

Conclusion 

Although the experimental adhesive with the addition of antifungal agent presented 
mild toxicity, it was not possible to verify toxicity higher than that of the commercially 
available materials or that of the artificial saliva, since the use of pure saliva per se was 
sufficient to cause peritoneum alteration. The adhesive with addition of miconazole 
microparticles behaved similarly to the commercially available product in most of the 
cases analysed. 
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