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1. Introduction

The aim of this study was to determine the relationship of antioxidants profile with 

endogenous reproductive hormone level across the menstrual cycle. Predicting ovulation is 

the basis on which the fertile period is determined. Currently there are many methods 

accessible to identify the ovulatory period. Unfortunately, these methods are not always 

efficient for accurate detection of ovulation. Hence, an attempt was made to detect ovulation 

through antioxidant profile with the help of BBT, saliva ferning and ultrasound. Salivary 

antioxidants were investigated serially during preovulatory, ovulatory and postovulatory 

periods of normal menstrual cycle in twenty healthy volunteers. The sample was collected in 

three consecutive menstrual cycles. Salivary antioxidants was estimated and analysis by UV-

spectrophotometer. The results revealed higher significant variations in the antioxidant 

concentration and physiological changes are also essential owing to ovarian hormones during 

menstrual cycle. Alkaline phopshatase, peroxidase, ascorbic acid and lactate dehydrogenase 

were maximum during ovulation and minimum during postovulatory phase. Superoxide 

dismutase, catalase and glutathione peroxidase were decrease in prepubert and menopau 

cycle. Among these antioxidants alkaline phopshatase, peroxidase and ascorbic acid were 

predominantly exhibited during ovulatory phase than pre and post-ovulatory phase. It is 

concluded that of 17 â-oestradiol and progesterone infulence the antioxidative status and the 

vulnerability to oxidative stress exhibited during normal menstrual cycle would serve early 

diagnosis of ovulation detection. 

At present time, there is no single, completely reliable 

parameter for ovulation prediction. Variations from the mean 

among hormonal and clinical parameters during a specific 

menstrual cycle are troublesome, and there is considerable 

variation from cycle to cycle, even in the same patient [1, 2]. The 

primary objective of this study is to develop a noninvasive and 

reliable method for ovulation detection. Saliva would be a suitable 

medium for this purpose. The sample collection process is non-

invasive, painless and convenient. Collecting saliva samples is 

possible several times a day and can be conveniently accomplished 

under circumstances where it is difficult to get blood samples. [2]. 

Cyclic changes in various physical properties and biochemical 

constituents of saliva are known to reflect accurately the hormonal 

changes associated with a menstrual cycle and may be utilized 

clinically to determine the time of ovulation. For example, the 

biochemical substances like salivary enzymes as well as hormones 

like estrogen and progesterone have been found to fluctuate 

during the ovulatory period of the menstrual cycle [2]. 

Reactive oxygen species (ROS) play a number of significant, 

diverse roles in female reproductive biology including uterine 

environment, oocyte maturation and ovulation, corpus luteum 

function and regression [3]. Estrogens have been shown to have in 

vitro antioxidant effects on membrane phospholipid peroxidation 

[4] and experimental evidence indicates an antioxidant and 

ateroprotective role [5, 6-9]. The relationship between sex steroid 

hormones and the cellular antioxidant enzyme system has also 

been investigated.

BioMedSciDirect
Publications

a,*Centre for Pheromone Technology, Bharathidasan University, Department of Animal Science, Tiruchirappalli-620 024, Tamil nadu, India.
bNeurosensorial Physiology and Neurotoxicology Research Laboratory, Department of Physiology and  Pharmacology, Faculty of Medicine, Unam, 
Av. Universidad, C.P 04510, .Mexico  D.F

*  Corresponding Author :  Dr.G.Archunan, 

Copyright 201  BioMedSciDirect Publications IJBMR -  All rights reserved.1 ISSN: 0976:6685.c

International Journal of
BIOLOGICAL AND MEDICAL RESEARCH

www.biomedscidirect.com
ISSN: 0976:6685

Int J Biol Med Res
Volume 2, Issue 1, Jan 2011

Centre for Pheromone Technology, Department of Animal Science, 
Bharathidasan University, Tiruchirappalli-620 024, Tamil nadu, India.
E.mail: garchu56@yahoo.co.in

Copyright 2011 BioMedSciDirect Publications. All rights reserved.
c

mailto:garchu56@yahoo.co.in


The expression of various biomarkers of oxidative stress has 

been demonstrated in normal cycling human ovaries [1, 2, 10, 11]. 

All follicular stages were examined for the expression of the SOD 

including primordial, primary, preantral, nondominant antral 

follicles in preovulation phase, dominant follicles and atretic 

follicles [12]. There is a delicate balance reactive oxygen species 

and the antioxidant enzymes in the ovarian tissues. The 

antioxidant enzymes neutralize reactive oxygen species 

production and protect oocyte and the embryo from oxidative 

stress.

Oxidative stress is involved in the modulation of cyclical changes 

in the endometrium. Changes in the expression of SOD in the 

endometrium have been studied. SOD is an enzyme involved in 

scavenging the superoxide radical and protecting the cells from 

oxidative radical's toxicity. Increase in the SOD and ROS levels in 

the endometrium in the late secretory phase just before 

menstruation indicates that these changes in the level of 

expression indicated involvement in menstruation [13, 14]. 

Estrogen and progesterone withdrawal led to increased 

expression of cyclooxygenase-2, mRNA and increased 

prostaglandin F2 - á synthesis in endometrial cells cultured in 

vitro.

Gluthatione and gluthatione perioxidase are both antioxidants 

that neutralize the free radicals and lipid peroxides to maintain the 

intracellular homeostasis and redox balance. The role of oxidative 

stress in modulating a gamete of physiological functions and its 

role in pathological processes affects the female reproduction. 

Oxidative stress influences a host of reproductive processes in a 

woman life. There is considerable evidence that estrogen 

decreases ROS and free radicals production both in vitro and in 

vivo, and depressed estrogen synthesis in postmenopausal woman 

is considered to be responsible for enhanced oxidative stress [1, 

12, 16, 17]. On the other hand, reproductive system dysfunction 

ranges from post ovulation phase deficiency, hypoestrogenism to 

an ovulation, and even amenorrhea is often associated with 

vigorous physical activity [18]. This evokes concern regarding 

adverse effects of physical effort on antioxidant defense in 

premenopausal females [19]. However, the data concerning effects 

of female hormonal status on antioxidant protection in physically 

active subjects are bitty. Dincer et al [20] revealed that in 

eumenorrheic female athletes, erythrocyte glutathione peroxidase 

activity in the early follicular phase (day 3–5) was lower than in 

their amenorrheic counterparts. The above data might suggest 

that hormonal disturbances due to amenorrhea affected at least 

erythrocyte glutathione system.

The data obtained in this study indicate nearly that the decrease 

in G-Px levels in mucus samples obtained either from the cervix or 

from the vaginal canal provides three or more day's prediction of 

ovulation in the human female and the procedures provides a 

women with a simple, noninvasive means for natural fertility 

control. The procedure described here for predicting ovulation can 

also be applied to advantage to female animals where cervical 

mucus exhibits hormonal content and changes during estrus 

similar to that observed in the human female. For ex; it is known 

that in female bovine animals the preovulation and post ovulation 

changes in reproductive hormones such as progesterone, 

estrogen, FSH and LH follow very closely the changes that occur in 

the human female [10, 11, 19].
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Uric acid appears to be the dominant antioxidant present in 

saliva and displays a concentration similar to that of serum. Other 

salivary antioxidants include ascorbic acid and albumin, but 

concentrations of these are lower than that of serum [21]. Ascorbic 

acid has long been associated with fertility, but no consistent study 

of its mechanism of action in reproductive tissues has been made. 

This article considers how three of ascorbic acid's principal 

functions, namely its promotion of collagen synthesis, its role in 

hormone production, and its ability to protect cells from free 

radicals, may explain its reproductive actions [22]. Data relating to 

both ovary and testis are reviewed since ascorbate accumulates in 

both tissues. Both gonads exhibit cycles of tissue remodeling and 

of peptide and steroid secretion that can be assumed to be 

ascorbate-dependent. Ascorbic acid may also prevent gametes 

from damage by free radicals during production and fertilization 

[11, 18, 19, 22]. This may indicate an active secretion system for 

salivary antioxidants rather than passive diffusion from the 

circulation. This becomes further evident when antioxidant 

concentrations are compared in unstimulated and stimulated 

saliva. Stimulated saliva contains a lower concentration of 

antioxidants but when flow rates are taken into account, 

antioxidant capacity is higher than in unstimulated saliva [21, 23]. 

Recently, the importance of another salivary defense system has 

become obvious. The antioxidant system appears to be less 

efficient with age [6, 24]. Similar to other biological systems, the 

salivary antioxidant system includes various molecules and 

enzymes of which the most important are the uric acid molecule 

and the peroxidase enzyme, both of which are water-soluble. The 

lipid-soluble antioxidants carried by lipoproteins, whose 

concentration in saliva is very low, contribute not more than 10% 

of the saliva antioxidant capacity [13, 25, 26]. The purpose of this 

study was to determine the timing and magnitude of changes in 

parameters of antioxidant quantity status in relation to the 

fluctuation of steroid hormone derivatives during menstrual cycle 

support as biomarker for ovulation detection.

The studies were performed in 20 different healthy female 

adults. The volunteers were instructed to abstain from smoking; 

eating and drinking anything but water for 10 hr prior to testing. In 

addition, all volunteers were asked to abstain from tooth brushing 

to prevent minimal gingival bleeding. Anthrophotometric index 

shows the calculation of ovulation day using BBT and salivary 

ferning [2]. Antioxidant profiles like Alkaline phosphase, lactate 

dehydrogenase, superoxide dismutase, catalase, peroxidase, 

gluthatione peroxidase, ascorbic acid, uric acid and salivary 

hormone like LH, FSH, Estradiol and progesterone are the 

indicator for identify the exact day of ovulation. 

2. Materials and Methods

2.1. Subjects

2.2. Collection of samples

The human saliva was collected from female volunteers during 

various periods viz, Preovulatory, ovulatory, postovulatory phases 

and also from prepubertal and menopause stages. Saliva samples 

were collected after patients had received their routine check-up. 

With the patients seated, the saliva was collected over a 5-min 



The saliva sample was extracted with 80% ethanol (if necessary, 

heat the mixture to 80ºC for 30 mins in a water bath). The extract 

was centrifuged at 12,000xg for 15 mins. Concentrate the clear 

supernatant and used for assay (Step. II). Salivary sample was used 

to evaluate the antioxidant and hormone content during 

reproductive phases of normal menstrual cycle.

period with instructions to allow saliva to pool in the bottom of the 

mouth and drain to a collection tube when necessary. Subjects 

were asked not to swallow any saliva for the duration of the 

collection to allow the calculation of salivary flow rates. At the end 

of the collection period, saliva volume was measured, the tube 

sealed and then frozen in dry ice until taken back to the laboratory 

for processing. Prior to analysis, the saliva was placed into Salivette 

(Sarstedt, Leicester, U.K.) tubes using a natural cotton swab insert, 

and centrifuged at 4000 g for 10 min at 4?C. The supernatant 

fraction was then aliquotted into storage vials and kept at - 80?C 

until required for analysis (Step I). The use of the Salivette tubes 

was necessary to reduce the high viscosity of the saliva samples 

that would otherwise prevent accurate pipetting. Preliminary 

work to compare fresh saliva centrifuged in standard centrifuge 

tubes with saliva prepared by centrifugation in three types of 

Salivette (natural cotton insert, citric acid impregnated insert or 

plain polyester insert) demonstrated that the antioxidant profile 

from samples prepared using the natural cotton inserts was 

identical to the native sample. It was inferred from this that the 

analytes of interest in this study were not absorbed into the inserts 

[27].

6.0. Reactive mixture consisted of 2 ml of diluted saliva sample, 0.2 

ml of ABTS solution and 0.2 ml of hydrogen peroxide which were 

mixed in the reactive cuvette and put into spectrophotometer was 

read at a wavelength of 570 nm for enzyme activity. Peroxidase 

assay uses H2O2 and an electron donor dye that forms a pink color 

during the peroxidase reaction. Salivary peroxidase was measured 

as U/L.

   The determination of Catalase (CAT) was assayed 

colorimetrically at 620 nm and expressed as ìmoles of H2O2  

consumed/min/mg protein as described by Sinha [31]. The 

reaction mixture (2.0 ml,  vol) contained 1.0 ml of 0.01 M 

phosphate buffer (pH 7.0), 0.1 ml of erythrocyte lysate and 0.4 ml 

of 2 M H2O2. The reaction was stopped by the addition of 2.0 ml of 

dichromate-acetic acid reagent (5% potassium dichromate and 

glacial acetic acid were mixed in 1:3). An improved assay directly 

measures catalase degradation of H2O2 using a redox dye. The 

change in color intensity at 570 nm is directly proportional to the 

catalase activity in the sample. The catalase activity is expressed as 

U/L.
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Alkaline phosphatase activity was determined using 

commercial test kits comprising 1 mol/l diethanolamine HCl 

buffer pH 9.8, 0.5 mmol/l magnesium chloride and 10 mmol/l of 

the substrate p-nitrophenylphosphate. The improved method 

utilizes p-nitrophenyl phosphate that is hydrolyzed by ALP into a 

yellow colored product (maximal absorbance at 405nm). Salivary 

alkaline phosphatase activity was quantified as IU/L.

LDH assay is based on the reduction of the tetrazolium salt MTT 

in a NADH-coupled enzymatic reaction to a reduced form of MTT 

which exhibits an absorption maximum at 565 nm. The intensity of 

the purple color formed is directly proportional to the enzyme 

activity [28]. Samples were assayed using UV-spectrophotometer 

and the Lactate dehydrogenase content was measured by IU/L. 

Salivary peroxidase activity was measured in saliva according to 

the nitrobenzoic acid (NBS) assay were determined according to 

Putter and Becker [29]. The reagents used for salivary analysis 

were 20 mM 2.2 azino-di-(3-etil-benzotiazolin-(6)-sulphonic 

acid) diammonium acid (ABTS) in 67 mM phosphate buffer pH 

value 6.0 and 10 mM hydrogen peroxide and peroxidase in 

quantity of 250 J/kg. The assay was based on 0.5 ml of saliva 

sample which was diluted with 1.5 ml of phosphate buffer pH value 

Glutathione peroxidase (GPx) activity was measured by the 

method described by Rotruck et al [30]. Briefly, reaction mixture 

contained 0.2 ml of 0.4 M Tris-HCl buffer pH 7.0, 0.1 ml of 10 mM 

sodium azide, 0.2 ml of homogenate (homogenized in 0.4 M, Tris-

HCl buffer, pH 7.0), 0.2 ml glutathione, 0.1 ml of 0.2 mM H O . The 

contents were incubated at 37°C for 10 min. The reaction was 

arrested by 0.4 ml of 10% TCA, and centrifuged. Supernatant was 

assayed for glutathione content by using Ellmans reagent (19.8 mg 

of 5, 5'-dithiobisnitro benzoic acid (DTNB) in 100 ml of 0.1% 

sodium nitrate). Reduced glutathione (GSH) was determined by 

the method of Ellman 1.0 ml of supernatant was treated with 0.5 ml 

of Ellmans reagent and 3.0 ml of phosphate buffer (0.2 M, pH -8.0). 

The measured decrease in optical density at 340 nm is directly 

proportional to the enzyme activity in the sample. The GPX activity 

is expressed as U/L.

2.5. Salivary Lactate dehydrogenase  

2.6. Salivary peroxidase

2.7. Salivary Gluthione peroxidase

2.8. Salivary catalase

2.3. Extraction of samples

2.4. Bioanalytical methods

Salivary Alkaline phosphatase activity (IU/L)

The superoxide dismutase assessment was based on the 

generation of superoxide radicals produced by xanthine and 

xanthine oxidase, which reacts with 2-(4-iodophenyl)-3-(4-

nitrophenol)-5-phenyl tetrazolium chloride (INT) to form a red 

formazan dye. The SOD activity was measured by the degree of 

inhibition of this reaction. The method is a modification of the NBT 

assay. XTT is reduced by the superoxide anion oxygen generated by 

xanthine oxidase. Formazan is read at 470 nm [15]. SOD inhibits 

this reaction by scavenging the anion oxygen. One unit of the 

enzyme is defined as the amount of enzyme needed for 50% 

inhibition of absorption in the absence of the enzyme [32]. The 

superoxide dismutase activity was expressed as U/L.

2.2. Collection of samples

2.10. Salivary Ascorbic acid 

Two milliliters of paraffin-stimulated whole saliva were 

collected and centrifuged, and the supernatant was mixed with 

10% trichloracetic acid (TCA). The TCA-saliva mixture was 

centrifuged and the TCA-soluble fraction analyzed for ascorbate as 
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Uric acid concentration was measured with a kit supplied by 

Sentinel CH (Milano, Italy) as previously described [32]. In the 

assay, uric acid is transformed by uricase into allantoin and 

hydrogen peroxide, which, under the catalytic influence of 

peroxidase, oxidizes the chromogen (4-aminophenazone/ N-

ethylmethylanilin propan-sulphonate sodic). This reaction forms a 

red compound whose intensity of color is proportional to the 

amount of uric acid present in the sample and is read at a 

wavelength of 546 nm. The measurement of salivary uric acid was 

expressed as mg/dl.

Results are reported as means ± SEM and differences were 

considered those means in the same vertical column that are not 

marked with the same superscript letters are significantly 

different at p<0.05. The data were compared by one-way ANOVA 

followed by the Duncan multiple range (DMRT) comparison test. 

Among 20 volunteers enrolled, 17 women completed the study 

successfully and three were found to have an irregular menstrual 

cycle because of consumption of oral contraceptives and were 

excluded. Age, anthropometric data including weight, height, body 

mass index and the length of the menstrual cycle are shown in 

Table 1. 

Values are expressed as Mean± SEM and differences were 

considered those means in the same vertical column that are not 

marked with the same superscript symbols are significantly 

different at p<0.05. The data were compared by one-way ANOVA 

followed by the Duncan multiple range (DMRT) comparison test.

As shown in Table II. ALP, POD, LDH and Ascorbate showed 

statistically significant difference among the five groups by one 

way ANOVA. However, the levels differed only slightly between 

ovulatory phase and preovulatory phases. To confirm the 

difference describes above p values were adjusted by the Duncan 

multiple comparison post hoc test. After adjustment, the 

differences remained significant for (prepubertal vs preovulatory 

phase; NS, preovulatory vs ovulatory; p£ 0.05). When the salivary 

levels of these enzymes and antioxidant content were compared 

according to prepubertal and menopause, no significant difference 

was observed. The patterns of 17-â estradiol concentration, 

salivary antioxidant derivatives was observed over the triplicates 

during the normal menstrual cycle are illustrated in Fig.1 and 2 

Table -3.  respectively.

3. Statistical methods

4. Results

Table 1. Age, anthropometric data and estimated menstrual 
cycle length for subjects at enrollment of the studies

2.11. Salivary uric acid concentration

Salivary estradiol and progesterone were analyzed using solid 

phase radio-immunoassay technique RIA technique (Diagnostic 

Products, Los Angeles, CA, USA) with an interaassay and interassay 

coefficient of variation of 4.7 % and 6.4 %, respectively for 

estradiol and 4.7% and 7.9%, respectively for progesterone. Serum 

concentrations of FSH and LH were measured using Immulite 

chemiluminescent assay kits (Diagnostic Products Cooperation, 

Los Angeles, CA, USA).The detection ranges of FSH and LH were 0.1 

-170 and 0.7 mIU /ml, respectively [34, 11]

2.12. Salivary Hormone Analysis

Age (years)

Height (cm)

Weight (Kg)

BMI (kg/m2) 23.6±1.60* pp£0.050.05

pp£0.050.05Cycle length (d)
(Salivary Ferning
 and BBT)

28.2±1.49*
(85%; 0.72°F –
 spike during
 Ovulation)

28.5±2.52**

128.0±3.64*

54.5±3.93**

NS

p 0.05£

NS

Menstrual cycle

Characteristics

Mean± SEM p£0.05

described by Omaye et al. [33]. Ascorbic acid is oxidized by 

ascorbate oxidase resulting in the production of H2O2 which 

reacts with a specific dye to form a pink colored product. The color 

intensity at 570 nm is directly proportional to the ascorbic acid 

concentration in the sample measured as mg/dl.

Figure 1. Salivary enzymes and antioxidant profiles during 
menstrual cycle. ? p<0.05  significantly higher during 
ovulatory phase of menstrual cycle

The pattern of all the parameters except ALP and LDH were 

more consistent in range as compared to other parameters. 

These fluctuations were significant over the menstrual cycle 

which revealed that 17-â estradiol was decreased during the 

preovulatory phase. Likewise, Ascorbic acid and peroxidase 

concentration was high during the ovulatory phase which was 

statistically significant at 0.05 levels (F=2.561; 17.54±2.46 

mg/dl) and (F=3.652; 48.20±6.46 U/L) as compared to 

prepubertal, preovulation, post ovulation and menopause 

stages which were drastically decreased. In contrast to the 

changes in glutathione peroxidase, catalase, superoxide 

dismutase sequentially varied from stages to stages in normal 

menstrual cycle. 

Figure 2. Salivary hormone fluctuate in antioxidant profile 
during menstrual cycle

Subbarayalu Alagendran / et.al Int J Biol Med Res. 2011; 2(1): 382-389
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Table II. Salivary Antioxidants parameters during menstrual cycle. 

Table II: Salivary hormone quantified various reproductive phases during menstrual cycle.

 

 

Parameter 

Parameter 

 

 

 

 

 

 

 

 

 
Prepubertal 

(6-9 yrs) 

 
Preovp 

(6-12 days) 

 
Ovp 

(13-14 days) 

 
Postovp 

(15-26 days) 

 
Menopause 

(Above 45 yrs) 

 

 

 

 

 

ALP (IU/L) 

Note: Values are mean ± SEM. The data were compared by one-way ANOVA followed by the Duncan multiple range 

(DMRT) comparison test.

a P<0.05 (Prepub vs. Preovul)

b P<0.05 (Preovul vs. Ovul)

c P<0.05 (Ovul vs.Post Ovul)
d P<0.05 (Post Ovul vs.Menopause).
e P<0.05 (Menopause vs.Prepub)

 

 

 

 

 
54.29±2.79a 

 
80.39±4.96 b 

 
137.92±15.76 c 

 
74.31±8.28 

 
56.66±2.68e 

 
LDH (IU/L) 

 

 
14.61±4.07ab 

 
12.06±2.79 b 

 
25.81±9.10 c 

 
7.43±2.02d 

 
50.12±4.67e 

 
Peroxidase(U/L) 

 

 
17.12±3.18 a 

 
28.19±4.05 b 

 
48.20±6.46 c 

 
22.33±3.87cd 

 
13.77±2.79 ea 

 
GPx(U/L) 

 

 
1.71±0.46 

 
8.35±2.86b 

 
5.93±0.94 

 
3.33±0.58 

 
1.95±0.36 ea 

 
Catalase(U/L) 

 

 
2.03±0.24 

 
2.58±0.30 

 
3.87±0.59 

 
2.09±0.22 

 
1.30±0.37 

 
SOD(U/L) 

 

 
2.04±0.48 

 
7.69±0.66b 

 
6.89±1.01 

 
3.99±0.76 

 
1.61±0.37 

 
Ascorbic Acid 

(mg/dl)  

 
4.94±0.70 ab 

 
9.87±5.71 b 

 
17.54±2.46 c 

 
7.28±1.29d 

 
3.45±0.43e 

 
Uric Acid 
(mg/dl) 

 

 
8.98±1.90 

 
10.17±1.26bc 

 
12.07±2.37 c 

 
11.90±1.69cd 

 
10.18±2.84ea 

Values are expressed as Mean± SEM and differences were considered those means in the same vertical column that are not marked with the 

same superscript letter are significantly different at p<0.05. The data were compared by one-way ANOVA followed by the Duncan multiple 

range (DMRT) comparison test.

a P<0.05 (Preovul vs. Ovul)
b P<0.05 (Ovul vs.Post Ovul)
c P<0.05 (Post Ovul vs.Menopause).
d P<0.05 (Menopause vs. Preovu) 
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Preovp
(6-12 days)

LH (mIU/L)

FSH (mIU/L)

17- beta Estradiol
(pg/mL)

Progesterone
(pmol/L)

ab45.6±4.96 

a62.06±6.79 

a48.19±7.05

ab7.35±2.86

b137.92±15.76 

b85.81±11.10

b36.20±5.46 

bc16.93±3.94 

74.31±8.28

cd67.43±6.02

cd22.33±3.87

c19.33±3.58

d56.66±2.68

d50.12±4.67

da13.77±2.34 

ea1.95±0.36 

Ovp
(13-14 days)

Postovp
(15-26 days)

Menopause
(Above 45 yrs)



17-â estradiol concentration observed in this studies were in 

agreement with results previously reported [29], confirming that 

the blood samples were obtained in an accurate time during each 

phase without missing estrogen peak prior to LH surge.

The increase of activity tended to coincide with the increase in 

serum estrogen level. Large cyclic variation without any clear 

tendency occurred in salivary á-amylase and sialic acid 

concentrations; minor cyclic variations were found in thiocyanate, 

calcium, potassium, and protein. None of the measured 

compounds proved to be a reliable marker for ovulation. 

Peroxidase has also been found to be a normal constituent of 

human cervical mucus and some preliminary studies on the 

correlation of peroxidase activity with different phases of the 

menstrual cycle have been described [37]. These authors found no 

obvious correlations but their results were obtained from single 

measurements in different women and the time of ovulation had 
not been determined. In the present study we measured 

concentrations of serum and urinary gonadotrophins and urinary 

steroids to permit assignment of the most probable time of 

ovulation, and levels of peroxidase in samples of cervical mucus. In 

cattle the level of peroxidase in the cervical mucus can be used for 

the detection of ovulation [38]. This test in cattle is carried out by 

means of a suitably impregnated finger-stall which can be inserted 

into the cervix. The intensity of the resulting color change is 

approximately proportional to the amount of enzyme present. The 

amount of enzyme drops significantly at estrus, i.e. 16-18 hr before 

ovulation [7, 9]. 

The present study is the first in which blood selenium conc, G-

px activities and dietary selenium intakes were measured 

simultaneously to detect phase related changes during the human 

menstrual cycle. Plasma selenium and G-px activity have been 

shown to fluctuate similarly during the rat estrous cycle [30]. Das 

and Chowdhary [19] also reported changes in plasma selenium 

concentration during menstrual cycle, but their plasma samples 

were collected during preovulation and ovulation phase based on 

changes in BBT rather than on changes in plasma estrogen 

concentration. Estradiol treatment has increased erythrocyte G-px 

activity without changes in malondialdehyde an indicator of lipid 

peroxidation [39], suggesting that the increased G-px activity did 

not result from an increase in lipid peroxide. It has been suggested 

that estrogen plays a protective role against cardiovascular disease 

partly by decreasing the likelihood of LDL peroxidation [20]. Our 

results suggest that an antioxidant role of estrogen may also be 

modulation of G-Px activity. This mechanism would have relevance 

in the postmenopausal population in which a decrease in estrogen 

level and the associated reduction in selenium status may 

accelerate oxidative damage after menopause, although variations 

in food intake have been reported during the menstrual cycle [23].

Further the study revealed that SOD, G-PX and catalase 

concentration were affected by fluctuation in ovarian hormones 

are significantly lower in menstrual cycle periods, prepubertal and 

menopause stages. However, the effect of prolonged hormonal 

disturbances noted in prepubertal and menopause stages on 

enzyme activity was more evident than due to physiologic 

fluctuation in hormone secretion. SOD plays a key role in the 

protection of various tissues against oxidative damage, and raised 
SOD is a sensitive marker of increased ROS production [6,36]. 

Erythrocyte SOD is of special importance to red cells protection 
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Human salivary alkaline phosphatase activity increased in all 

subjects during the ovulatory phase while compare to pre and 

postovulatory phases during menstrual cycle (Fig. 2). The mean 

increase expressed as IU per litre units was (F= 4.352; 137.92 ± 

15.76; p£0.05) in other phases of the cycle the concentration 

remarkably decreased from Preovulatory phase, prepubertal, 

menopause and postovulatory stages. In prepubertal saliva the 

antioxidant markers like G-px, catalase, superoxide dismutase and 

uric acid obviously decreased. It was also interesting to note that 

salivary antioxidant levels of preovulatory sample are similar to 

that of postovulatory samples. But, contradictory, the antioxidant 

activity are found to be decreased after ovulatory phase i.e.; in 

prepubertal and menopause. The concentration of antioxidant 

enzyme is very much reduced particularly Gluthatione peroxidase, 

catalase and superoxide dismutase during prepubertal and 

menopause.  

Table 2 shows the levels of hormones compared with 

antioxidants observed the catalase, SOD and GPx in the saliva were 

significantly lower in concentration while in preovulatory and 

postovulatory. Further, salivary hormone concentrations indicate 

predominantly high during ovulatory phase as LH (F=2.423; 

137.92±15.76 mIU/L; p£0.05). During prevoualtory phase FSH and 

estradiol show the variation from the day 7. It indicates that the 

surge of ovulation was realized during the day of 13. Progesterone 

was analyzed in all phases of menstrual cycle consistently elevated 

during postovulatory phase (F=2.134; 19.33±3.58 pmol/L; 

p£0.05) and ovulatory phase The hormone assay was not detected 

in prepubertal and a mild change was in menopause stages which 

do not differ with respect to the days of menstrual cycle. Neither in 

reproductive status nor in prepubertal and menopause women 

saliva ALP, LDH, POD, G-Px, SOD, Ascorbate and urate levels were 

correlated with circulating ovarian hormone concentrations. 

However, it has been shown that the antioxidant abilities of both 

estrogen and progesterone can up-regulate the activities of 

peroxidase, ascorbic acid and GPx. These results provide further 

evidence that estrogen and progesterone act as antioxidants and 

are free radical scavengers.

5. Discussion 

The result of this study showed non-significant fluctuations in 

SOD, catalase and G-px levels throughout the menstrual period 

which was contradictory while compared to prepubertal and 

menopause stage. In addition to this the level of ALP, LDH, 

peroxidase, ascorbic acid and uric acid was found to be high in 

reproductive periods, which correlated with ovarian hormone in 

relation to detect the ovulation using noninvasive methods. These 

findings are similar to the findings of others who examined in 

cervical mucus, vaginal mucus and plasma. The constancy of 

enzymes and antioxidant concentration were found to be high in 

ovulation phase which was similar to cervical mucus and plasma 

findings [12, 17, 35]. The ovulation phase was confirmed by 

monitoring the time of salivary LH surge and serum 17-â estradiol 

concentration. The LH surge provides a quick but accurate 

physiological marker at the time of estrogen peak and ovulation, 

since it occurs about 14-24 hrs after the estrogen peak and 10-12 

hrs before ovulation, attaining the peak level about 18 hrs before 

ovum release [36]. The overall pattern of mean values of plasma 
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The levels of several antioxidants were altered in women 

saliva in the presence of oestradiol and progesterone: the 

concentrations of glutathione peroxidase and catalase decreased 

significantly while the levels of superoxide dismutase and uric acid 

did not change in all reproductive phases. The alterations in 

enzyme activity like alkaline phosphatase and lactate 

dehydrogenase for the period of cell vulnerability in saliva samples 

were more evident in ovulatory phase with a combination of 

oestradiol and progesterone. It is concluded that enzymes and 
certain antioxidants like peroxidase and ascorbic acid is a key 

compound in gonadal physiology on which further research is 

needed and that a reappraisal of its potential clinical value in the 

treatment of various types of female infertility would be timely for 

the aid of IVF. Nonetheless, the present study indicates that the 

antioxidant levels such as peroxidase might serve as an indicator 

for ovulation in human by developing noninvasive kits.

were significantly decreased in accordance with previous findings 

[16]. This finding indicates that the quantification of antioxidants 

in saliva may be considered as one of the reliable parameters in 

detection of ovulation.
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