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Abstract: The interfaces of hormones and endogenous molecules associated with nanostructured 

materials is one of the ways to evaluate the therapeutic potential. Melatonin is a neurohormone that is 

related to oxidative metabolism. Human Papillomavirus (HPV) is the principal etiological agent of 

cervical cancer. Cervical mucus is a biological system whose main function is the protection of the 

uterine cervix. This study aims to evaluate the immunomodulatory effect of melatonin on oxidative 

stress and rheological behavior of cervical mucus. The cervical mucus was analyzed the melatonin 

concentration, viscosity,  superoxide, and the superoxide dismutase. Melatonin showed lower 

concentration in the cervical mucus from women infected with HPV. The viscosity was lowest in mucus 

from women infected with oncogenic HPV. The positive samples for HPV also showed high superoxide 

release and reduced CuZn-SOD levels indicating oxidative stress. Melatonin adsorbed to the 

polyethylene glycol microsphere (PEG-MLT) was efficient in restoring the viscosity, superoxide anion, 

and CuZn-SOD at similar levels to mucus from women negative for HPV. These data suggest that in 

high-risk HPV infections, there is a decrease in melatonin levels and the viscosity of cervical mucus. 

PEG-MLT was efficient in reducing oxidative stress and restoring viscosity of cervical mucus. 
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1. Introduction 

Human papillomavirus (HPV) is the principal etiological agent of cervical cancer and 

is a member of the Papillomaviridae family. About 230 types of HPV are known. The types 6, 

11, 42, 43, and 44 were related to benign lesions, and types 16, 18, 31, 33, 45, and 66 were 

associated with high-grade lesions and cancer cervical. Some types of high-risk HPV can 

stimulate the expression of immunomodulatory agents, which, together with HPV infection, 

contributes to the appearance of cervical neoplastic lesions [1, 2]. Another related parameter in 

the disease progression of cervical cancer is oxidative stress and an inadequate antioxidant 

response[3, 4, 5].  

The melatonin (MLT) hormone have immunomodulatory properties that are related to 

the recruitment of leukocytes in infected tissues [6, 7], and according to their site of action has 
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pro-oxidant or antioxidant activity [8, 9]. Alterations in the serum melatonin concentration 

were observed in the breast, colorectal, endometrial, lung, and stomach cancer [10 - 13]. The 

antioxidant capacity of melatonin may be related to the direct action on antioxidant enzymes 

as well as the indirect form on the inhibition of free radicals [14, 15]. 

Reactive oxygen species (ROS) are highly reactive particles, being found as different 

chemical species, such as superoxide anion (O2
-), hydrogen peroxide (H2O2), and hydroxyl 

radical (OH-) [16]. These molecules are essential intermediaries of mitochondrial respiration, 

cell signaling, inflammation, and the immune response. Enzymatic antioxidant mechanisms: 

superoxide dismutase (CuZn-SOD) (EC 1.15.1.1), catalase (CAT) (EC 1.11.1.6), and 

glutathione (GSH) (EC 1.15.1.9) and non-enzymatic mechanisms: vitamin E, vitamin C, 

melatonin, lutein and zinc, act to control the ROS concentration, maintaining its physiological 

levels and minimizing the effects deleterious [17, 18]. Oxidative stress is the imbalance 

between the generation of oxidizing compounds and the performance of intrinsic antioxidant 

systems in cells. The excessive and uncontrolled production of these free radicals can cause 

molecular alterations in proteins, lipids, carbohydrates, and DNA causing changes in the 

metabolic activity of these compounds. These alterations result in molecular defects that can 

lead to several pathologies such as diabetes, obesity, neurodegenerative diseases, and cancer 

[19 - 21]. 

 Several studies reported a decrease in antioxidants agents or their activities in the blood 

and uterine cervical cancer [24, 25]. Also observed in the erythrocytes in patients with cervical 

cancer decreased the activity of CuZn-SOD, CAT, and GSH [22 – 25]. The reduction in SOD 

activity has been correlated with damage to cellular DNA in cervical tissue infected with HPV. 

Another factor is related to inflammatory activity, which promotes an increase in ROS levels, 

associated with a decrease in cellular antioxidant capacity. All these parameters generate a 

favorable microenvironment for the appearance of neoplastic lesions in infections caused by 

HPV [26, 27]. 

On the other hand, rheological studies have shown that deformation and flow of fluids 

can be associated with certain pathological conditions and influenced by oxidative stress. The 

characterization of rheological behavior has wide applications in the chemical, food, and 

pharmaceutical industries, providing important information related to structure and stability 

[28, 29]. The viscosity profile of biological fluids such as blood, saliva, bronchial mucus, and 

cervical mucus has contributed to the understanding of several pathophysiological processes. 

The characterization of viscosity can also serve as a parameter for the evaluation of the 

modulating effect of bioactive molecules on the viscosity of biological fluids [29 - 31]. The 

viscosity of cervical mucus has been analyzed in order to assess sperm motility, hormonal 

changes during the menstrual cycle, and the production of synthetic cervical mucus [32,33]. 

Studies have shown that the release of a molecule can be modified when delivered to a 

carrier system [34- 36]. These systems are capable of improving the parameters of 

bioavailability, bioavailability, and biofunctionality [28,37]. The association of the melatonin 

hormone to such delivery systems can potentiate its effect without the need to increase the 

dosage [36]. Polyethylene glycol microspheres (PEG) are considered an essential vehicle for 

the administration of drugs, natural products, and hormones [30]. 

The delivery drugs adsorbed to carrier systems, such as the PEG microspheres has been 

an efficient alternative treatment in several diseases. Thus these microspheres are promising 

agents for the delivery of melatonin hormone [38 - 42], preventing it from degradation 
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promoted by proteins by metabolic enzymes and mainly increasing their bioavailability in the 

body [43]. 

Therefore, this study aimed to assess the correlations between melatonin concentration, 

the viscosity profile, and oxidative stress of cervical mucus samples infected with HPV 

modulated with melatonin adsorbed to polyethylene glycol microsphere. 

2. Materials and Methods 

 2.1. Subjects and collection of cervical mucus. 

Cervical mucus samples were collected from women between 18 and 35 years of age 

who were between the 12th and 21st day of the menstrual cycle without previous history of 

alterations in the uterine cervix or tested positive for HPV infections. Women that had other 

diseases such as syphilis, AIDS, diabetes, and cancer were excluded. 

Before entering the study, the women signed an informed consent form, which was 

approved by the local ethics committee (Protocol Number CAAE: 89628218.0.0000.5587). 

2.2. Sample processing. 

The cervical mucus samples were collected using an endocervical brush with a volume 

of approximately 700 μL. The samples were centrifuged for the total extraction of the mucus 

adhered to the brush. The material was fractionated in 2 aliquots, being the first aliquot added 

1 mL of Cell Preserv® (preservative solution)  and used directed to the detection of viral DNA, 

and the second aliquot was used in laboratory analysis. 

 The rheological analysis was done directly in cervical mucus. For the melatonin 

levels, superoxide release, and CuZn-SOD, the cervical mucus was previously centrifuged at 

1200 x g for 20 minutes and resuspended in 1mL of phosphate buffer solution (PBS). The 

experimental designs are listed in Figure 1. 

 2.3. HPV detection. 

The cervical mucus in preservative solution was evaluated detection viral DNA using 

the Cobas® HPV Test. (Cobas z 480®Analyzer - Roche). The test uses the amplification of the 

target DNA by polymerase chain reaction (PCR) and hybridization of nucleic acid for the 

detection of 14 high-risk HPV types. 

 

Figure 1. Experimental designs of processing of cervical mucus samples and laboratory analysis. 
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2.4. Melatonin Hormone Quantification. 

The melatonin concentration was performed using the enzyme immunoassay kit of 

melatonin (Melatonin ELISA® - IBL) [44]. The procedures were performed according to the 

manufacturer. The reaction rate was measured by absorbance in a spectrophotometer TP-

Reader® microplate reader (Thermo Plate) at 405 nm. Melatonin concentration was calculated 

as a function of the standard curve in pg/mL. 

2.5. Formulation and stimulation of melatonin adsorbed to polyethylene glycol  (PEG-MLT). 

The melatonin solution at a concentration of 9.0 pg.mL-1 was prepared using PBS for 

dissolution. The PEG microspheres were used with vehicles to carry the melatonin that was 

adsorbed on its surface. The microspheres were prepared from PEG 6000, which was diluted 

in 100 mL of PBS and incubated for 30 minutes at 37ºC. After incubation, a sodium sulfate 

solution (Na2SO4) (v/v) was added to the PEG and incubated at 37 ºC for 45 minutes. The 

solution was diluted 3:1 in PBS and centrifuged at 5000 rpm for 2 minutes. A further 1:10 

dilution in PBS was carried out and incubated at 95 ºC for 5 minutes to obtain medium density 

microspheres. The microspheres were labeled overnight at room temperature with a solution 

of Dylight-488 (Pierce Biotechnology, Rockford, USA; 10µg.mL-1) in dimethylformamide at 

a 100:1 molar ratio of PEG:Dylight. The samples were then analyzed by fluorescence 

microscopy [41, 42]. 

For the formation of the polyethylene glycol microsphere adsorbed with melatonin, the 

PEG solution mixed with a melatonin solution in the concentration of 9.0 pg.mL-1 and 

incubated at 37 ºC for 30 minutes [41, 42]. The PEG-MLT solution was used as a stimulus in 

the volume of 10μL 

2.6. Rheological Analysis. 

 In the second aliquot of cervical mucus, part was directed to the rheological analysis 

of viscosity in a MCR 102 Reometro (Anton Paar®) coupled to the Rheoplus Software v3.61. 

The shear stress (τ) was used as a parameter for the test, varying from 0 to 5 mPa.s for the 

upward curve and from 5 to 0 mPa.s for the downward curve [29 - 31]. The viscosity of the 

cervical mucus was reevaluated in all samples after treatment with melatonin and PEG-MLT 

[melatonin adsorbed to PEG to a final concentration of 100ng.mL-1]. This analysis was repeated 

after stimulation with PEG-MLT. 

2.7. Superoxide anion. 

Oxidative metabolism was assessed by quantifying the superoxide release in cervical 

mucus was determined by cytochrome C reduction [45 - 47]. This colorimetric method consists 

of the oxidation of ferricytochrome C in the presence of the superoxide anion, this color change 

being detectable in a spectrophotometer with a 630nm filter. 

The cervical mucus was resuspended in PBS containing 2.6 mM CaCl2, 2 mM MgCl2, 

and 2 mg/mL cytochrome C [Sigma, St Louis, USA]. Aliquots [100 μL] of the suspension were 

incubated in the presence or not of 10μL of melatonin adsorbed to PEG [PEG-MLT] in culture 

plates at 37oC for 1 hour. After incubation and reading on a spectrophotometer, the superoxide 

release concentration was calculated using the following relationship: 

[𝑂2
−] =

𝐷𝑂 . 100

6,3
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where, [O2
-] is the concentration of superoxide anion, and DO is the optical density 

(absorbance) and the results expressed as nmol/O2
- [51].  

2.8. CuZn-superoxide dismutase determination (CuZn-SOD – E.C.1.15.1.1). 

 The activity of the SOD enzyme was carried out by the method of photo-reduction of 

nitroblue tetrazolium (NBT). The cervical mucus was diluted in PBS, obtaining a final volume 

of 0.5 mL, and placed in glass tubes in the presence or not of 10μL of 10μL of melatonin 

adsorbed to PEG [PEG-MLT]. Each tube contained 0.5 mL of the sample, and the standard 

tube contained 0.5 mL of hydro-alcoholic solution. Next, 0.5 mL of chloroform-ethanol 

solution (1:1 ratio) and 0.5 mL of the reactive mixture (NBT increased by EDTA) was added 

to the tubes. The experimental and standard solutions received 2.0 mL of buffer carbonate, and 

the pH was increased to 10.2 after the addition of hydroxylamine. The tubes remained still at 

room temperature for 15 min and were subsequently read at 560 nm. The following expression 

calculated superoxide dismutase: 

 

𝐴𝑐𝑡𝑖𝑣𝑒 𝑆𝑂𝐷 =
(𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐴𝑏𝑠 −  𝑆𝑎𝑚𝑝𝑙𝑒 𝐴𝑏𝑠)

(𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐴𝑏𝑠. )
 .100 

where  Abs. Standard is the absorbance of the standard and Abs. The sample is the absorbance 

of the sample [48, 49]. 

2.9. Oxidative Stress Index (OxSI). 

The oxidative parameters of the cervical mucus were correlated with the other results 

through the Oxidative Stress Index (OxSI ) that obtained through the following relationship: 

OxSI =  
𝐴𝑐𝑡𝑖𝑣𝑒.  𝑆𝑂𝐷 

[𝑂2
−]

 

Where, [O2
-] is the superoxide concentration and Activ. SOD is the activity of the CuZn-SOD 

enzyme. 

2.10. Statistical analysis of the data. 

The statistical analysis was performed using the analysis of variance (ANOVA), 

followed by Tukey's post-test, for the correlation analysis was used the Spearman correlation 

test. Statistical significance was considered when p<0.05. 

3. Results and Discussion 

3.1. Sampling and HPV detection. 

The 33 cervical mucus samples analyzed for viral DNA 14 samples were positive for 

high-risk oncogenic HPV types, and 19 samples were negative being considered as a control 

group for the subsequent analyzes (Table 1). 

Table 1. Detection of human papillomavirus (HPV) in cervical mucus samples. 

 

 

Cervical Mucus Viral types Number (n) TOTAL 

Positive HPV 
HPV 16 9 

14 
HPV 18 4 

Negative HPV - 19 19 

TOTAL 33 33 
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3.2. Melatonin hormone in cervical mucus. 

The melatonin hormone in the cervical mucus of women non-infected showed a 

concentration of 12.38 pg.mL-1, while in cervical mucus from women infected with HPV 

presented 6.03 pg.mL-1. There was a decrease of 48.70% in the melatonin concentration in 

cervical mucus from women with positive HPV (Figure 2). 

 
Figure 2. Melatonin concentration in cervical mucus from women with negative and positive for HPV. 

*Statistically difference between groups. 

There are no records in the scientific literature demonstrating the presence of melatonin 

in the cervical mucus. It is known that melatonin acts on the female reproductive system, 

mainly on ovarian function, modulating ovarian steroidogenesis, mainly on progesterone 

production [50 - 53]. Studies also demonstrate the presence of high concentrations of the 

hormone in the preovulatory follicles [54]. Other studies also show that the action of melatonin 

on the gonads [55].In this work, the presence of melatonin in cervical mucus suggests a broad 

action of this hormone on the female reproductive system. 

 The vascularization of mucous tissues guarantees them the necessary blood supply to 

maintain their functions. In the genital mucosa, blood vessels supply nutrients, gas exchange, 

and hormones [56]. In this work, the presence of melatonin hormone in the cervical mucus may 

come from the blood circulation itself. Studies show that during the night, occur decrease in 

the serum melatonin levels in patients with breast, endometrial, prostate, colorectal, lung, and 

stomach cancer [11-13]. It is known that women with tumor growth have lower serum 

melatonin levels [57]. In this study, the decrease of melatonin in cervical mucus can be 

associated with the progression of the lesions. 

3.3. Oxidative stress parameters. 

3.3.1 Superoxide anion concentration. 

The evaluation of oxidative parameters was performed by quantifying the superoxide 

anion and the CuZn-SOD enzyme. Oxidative stress is one of the parameters in the disease 

progression of cervical cancer [58]. Studies have shown a reduction in antioxidant levels in 

both circulation and uterine tissue of women with cervical cancer [4, 5, 59]. As a result of the 

decrease in antioxidant levels, there is an increase in reactive oxygen species in the tissues [60]. 

In this study, we showed a significant increase in the superoxide anion level in the cervical 

mucus (Figure 3). 
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Figure 3. Superoxide anion concentration in cervical mucus from women with negative and positive for HPV. 

*Statistically difference between groups. 

Reactive species are important cellular signalers in their physiological concentration. 

However, the increase in these molecules may be related to several diseases. The consequence 

of the increase in free radicals is damage to DNA. In infections caused by HPV-16, free radicals 

promote the activation of the E7 oncogene, which in turn leads to genomic instability and 

promotes replication [61]. Thus, both the increase in ROS and the inhibition of antioxidant 

agents are molecular devices for the progression of infection and, consequently, cancer. 

HPV infections occur through the viral insertion to the basal epithelial layer, the 

particularly mentally squamocolumnar junction (SCJ), or in regions of micro lesions generated 

during sexual intercourse [62]. The increase in the superoxide anion in cervical mucus from 

women infected for HPV points to an oxidative imbalance in the uterine cervix. It is not yet 

known whether this oxidative imbalance induced or promoted the evolution of infection. 

3.3.2. CuZn-SOD enzyme determination. 

SOD acts as a central enzyme for the metabolism of the superoxide anion, being of 

fundamental importance for the balance of the cell-mediated immune response [63]. 

 

Figure 4. Activity of the CuZn-SOD enzyme in cervical mucus from women with negative and positive for 

HPV. *Statistically difference between groups. 

The impairment of the antioxidant functions of cells, due to the decreased activity of 

the SOD enzyme, is related to several diseases and neoplasms [64, 65]. Insufficient 
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concentrations of enzymatic cofactors, such as zinc and manganese, can lead to a reduction in 

SOD [66]. Studies have reported a significant decrease in CuZn-SOD activity in the uterine 

cervix in patients with cervical cancer [28]. In this study, we observed a lower SOD 

concentration in cervical mucus from women with positive HPV (Figure 4). 

The decrease in SOD in the uterine cervix was demonstrated in other studies [26], and 

the cervical mucus, evidenced in this work, may probably be due to oxidative stress in the 

microenvironment of the uterine cervix in patients with cervical cancer. This oxidative 

imbalance does not necessarily reflect systemic oxidative stress, once it has been observed that 

the plasma alterations SOD activity are not related to those found in tissues [67, 68]. This 

particularity corroborates the importance of studying the oxidative parameters of cervical 

mucus. 

3.3.3. Oxidative stress index. 

Since the concentration of superoxide anion and the activity of CuZn-SOD are an 

essential parameter for the assessment of oxidative stress, the relationship between these two 

variables was expressed in the form of the Oxidative Stress Index (OxSI). Thus, the OxSI value 

is directly proportional to the antioxidative response; that is, the higher the index value, the 

greater the SOD activity or, the lower the concentration of the superoxide anion, with both 

events co-occurring. 

Comparing the OxSI values, the cervical mucus from women infected by HPV showed 

a lower index value compared to the women without the infection (Table 2). This results in 

reinforce the hypothesis that the cervical mucus from women with positive HPV present the 

oxidative imbalance once that these groups showed higher superoxide concentration and lower 

SOD activity (Figures 3 and 4). This behavior has been observed in HPV infections and uterine 

cervical cancer [23, 65, 66]. 

Some studies have shown that CuZn-SOD, unlike Mn-SOD, which is mitochondrial, 

does not respond directly to oxidative stress because of its action mediated by indirect 

mechanisms [67, 69]. Thus, the increase in the superoxide anion in the cervical mucus does not 

directly stimulate the activity of CuZn-SOD in the site. 

Table 2. Oxidative Stress Index (OxSI) from cervical mucus form women. 

GROUPS OxSI 

Negative HPV 1,44 ± 0,72 

Positive HPV 0,76 ± 0,41* 

* Statistically difference between groups. 

Here, the difference between the OxSI values between the studied groups can be due to 

the higher melatonin levels of cervical mucus showed in women with HPV infection. The 

melatonin hormone has a direct action on the regulation of oxidative activity.  

3.4. Rheological analysis. 

However, cervical mucus is the first physical barrier to protect the uterine cervix against 

infections [70]. The loss of the rheological characteristics of this fluid makes the cervix 

susceptible to biological and physical harmful action [71]. Several studies have classified the 

rheological characteristics of cervical mucus according to the ovulatory cycle, hormonal action, 

and pathological state [72]. The mucus viscosity is also related to the characteristics of fertility 

and sperm mobility [73]. 
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In this work, was observed a decrease of viscosity in cervical mucus from women 

infected with HPV (Figure 5). This decrease in viscosity may action the uterine cervix and 

favor to viral infection. Studies have shown that the viscosity of cervical mucus decreases due 

to the action of the hormone estrogen [74 – 77]. Estrogen is the main female hormone 

responsible for the control of the ovulatory cycle [75].  

On the other hand, melatonin can act directly on the production of estrogen and 

neoplastic growth by inhibiting the activity of the enzyme aromatase (converts androgens into 

estrogens) and by the specific endogenous inhibition of alpha estrogen receptors via calmodulin 

estrogen [74 – 77]. Thus melatonin acts as a modulator of estrogen production. The higher 

concentrations of melatonin in women without HPV infection suggest a protective effect that 

probably maintains the physiological levels of estrogen and viscosity. However, in women with 

HPV-infected low melatonin levels, possibly occur an increase in estrogen concentrations, 

which can be related to a decrease in the viscosity. Further studies should be conducted to 

understand better hormonal involvement and changes in viscosity in cervical mucus. 

 

Figure 5. Viscosity curve of the cervical mucus from women with negative and positive for HPV. *Statistically 

difference between groups. 

3.5. Stimulation with melatonin and PEG-MLT. 

In order to minimize and oxidative damage caused by the action of HPV infection on 

cervical mucus, by decreasing the concentration of melatonin, the cervical mucus samples were 

treated with melatonin [MLT] at a concentration of 9 pg.mL-1 adsorbed or not to polyethylene 

glycol microsphere [PEG-MLT]. 

After stimulation of the cervical mucus samples, measurements of superoxide anion, 

activity of the CuZn-SOD enzyme, and viscosity curve were performed, and the results 

correlated with the OxSI. 

Independently of HPV infection, similar superoxide concentration was observed in the 

cervical mucus when in the presence of melatonin. The treatment with PEG-MLT in cervical 

mucus from women infected by HPV reduced in 27.3% the superoxide concentration (Figure 

6). These results can be explained by the significant increase in the activity of the SOD CuZn 

enzyme.  Melatonin, adsorbed or not to PEG, was able to increase the activity of the CuZn-

SOD enzyme in cervical mucus. The highest CuZn-SOD activities were observed in cervical 

mucus treated with PEG-MLT from women with HPV infection (Figure 7). 
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Figure 6. Superoxide anion concentration in cervical mucus after treatment with melatonin adsorbed or not to 

PEG microsphere from women with negative or positive for HPV. Note: MTL (melatonin); PEG (Polyethylene 

glycol); PEG-MLT (melatonin adsorbed to Polyethylene glycol) *Statistically different between groups. 

Several studies highlight the antioxidant activity of melatonin, both acting directly on 

free radicals and indirectly through the modulation of enzyme activity [9, 10, 78 - 80]. The 

results presented in Figures 6 and 7 reinforce the antioxidant effects of melatonin, as well as 

the action of the PEG microsphere that slows the degradation and prolonging the effect of this 

hormone [34, 38, 39]. Another fact is that the adsorption of several melatonin molecules on the 

surface of the PEG microsphere increases in the bioavailability of melatonin [39 - 43]. 

 
Figure 7. CuZn-SOD enzyme activity in cervical mucus after treatment with melatonin adsorbed or not to PEG 

microsphere from women with negative or positive for HPV. Note: MTL (melatonin); PEG (Polyethylene 

glycol); PEG-MLT (melatonin adsorbed to Polyethylene glycol) *Statistically different between groups. 

Through the rheological analysis, it was possible to observe an increase in the viscosity 

of cervical mucus from women infected by HPV when treated with PEG-MLT (Figure 8). The 

microsphere adsorbed to melatonin was able to restore the viscosity of the cervical mucus from 

women with positive for HPV to values similar to those observed in cervical mucus from 

women negative for HPV. 

Due to the fact that cervical mucus is a protective barrier of the uterine cervix against 

physical and biological agents [5, 81], the restoration of its viscosity can be significant for the 

control of infection and probably can act in the prevention of cancer of cervical uterine. 
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Figure 8. Viscosity curve of cervical mucus after treatment with melatonin adsorbed or not to PEG microsphere 

from women with negative or positive for HPV. Note: MTL (melatonin); PEG (Polyethylene glycol); PEG-MLT 

(melatonin adsorbed to Polyethylene glycol) *Statistically different between groups. 

 By correlating the OxSI and the melatonin concentration in the cervical mucus after 

stimulation with PEG-MLT, it was possible to observe a significant increase in the r-value (r = 

0.32- Table 3). The positive correlation of these parameters reinforces the hypothesis that the 

increase in the concentration of melatonin provides an increase in OxSI, as shown in Figures 5 

and 6 by the decrease in superoxide release levels and the increase in SOD activity. The higher 

r-value obtained in the correlation test demonstrates the efficiency of the PEG microsphere in 

potentiating the effects of the carried compounds, a result confirmed in other studies [39 - 43]. 

OxSI showed no correlation with melatonin concentration for the control group. 

Interesting that in this study, the data were correlated. Spearman's correlation analysis 

showed that melatonin concentration is directly proportional to OxSI; being this correlation is 

ten times higher in cervical mucus from women with positive HPV (Table 3). This effect is 

explained by the direct action of melatonin on the superoxide anion, chelating it through Haber-

Weiss reactions, described for this hormone [69, 78 - 80]. 

Table 3. Spearman's correlation test between melatonin concentration and OxSI of cervical mucus from women 

with negative or positive for HPV. 
GROUPS r-value p-value* 

Negative HPV + 0,02 0,04 

Positive  HPV + 0,20 0,04 

Negative HPV+ PEG-MLT + 0,05 0,06 

Positive HPV + PEG-MLT + 0,32 0,03 

Note: MTL (melatonin); PEG (Polyethylene glycol); PEG-MLT (melatonin adsorbed to Polyethylene 

glycol) *Statistically different between groups. 

The correlation established between viscosity and OxSI showed the protective effect of 

the antioxidant mechanism on cervical mucus. The non-infected group showed a positive 

correlation between the variables, indicating that the antioxidant efficiency contributes to 

maintaining the increase in cervical mucus viscosity. (Table 4). The cervical mucus infected 

by HPV did not show a correlation between the variables, showing that the decrease in viscosity 

in this group occurs due to the action of melatonin [74]. 

The correlation between OxSI and viscosity, after stimulation with PEG-MLT, was 

directly proportional. Thus, as the OxSI value increases, the viscosity value increases. Such an 
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effect may be correlated with the effect of melatonin probably by estrogen alterations [50, 52, 

76]. 

Table 4. Spearman's Correlation Test between OxSI and the viscosity of cervical mucus from women with 

negative or positive for HPV. 
GROUPS r-value p-value* 

Negative HPV + 0,51 0,04 

Positive HPV  + 0,05 0,80 

Negative HPV+ PEG-MLT - 0,15 0,07 

Positive HPV + PEG-MLT + 0,31 0,03 

Note: MTL (melatonin); PEG (Polyethylene glycol); PEG-MLT (melatonin adsorbed to Polyethylene 

glycol) *Statistically different between groups. 

4. Conclusions 

 We conclude that the hormone melatonin is present in cervical mucus and that this 

concentration is lower in cervical mucus from women with HPV infection. The cervical mucus 

infected by HPV shows a reduction in the activity of SOD-CuZn and an increase in the 

superoxide anion concentration. 

It was possible to establish a directly proportional correlation between the concentration of 

melatonin and the activity of the enzyme CuZn-SOD. In contrast, melatonin showed an 

inversely proportional correlation with the superoxide anion. OxSI was efficient in assessing 

the impairment of antioxidant functions generated by HPV infection, which is directly 

correlated to the melatonin concentration. 

 In high-risk HPV infections, there is a decrease in the viscosity of cervical mucus. The 

melatonin concentrations were directly correlating to the viscosity of cervical mucus. PEG-

MLT was efficient in reducing oxidative stress by increasing SOD activity and decreasing the 

concentration of superoxide anion. PEG-MLT was efficient in restoring viscosity of cervical 

mucus from women infected for HPV. 
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