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INTRODUCTION 

From the beginning of adolescence to menopause, 

menstrual cycle affects female health, mood and daily 

living quality for a span of approximately 35- 40 years in 

the normal population.
[1] 

Menstruation is a catabolic 

process influenced by hormones from the pituitary gland 

and ovaries. Gonadotropin releasing hormone (GnRH) 

secreted by the hypothalamus has a role in triggering the 

secretion of gonadotropin by anterior pituitary cells. 

GnRH’s: FSH (follicle stimulating hormone) and LH 

(luteinizing hormone) stimulate and control the cyclical 

changes inside the ovaries. During the period of 

reproduction, endometrium undergoes constant cyclical 

changes. Every cycle has 4 phases related to the activity 

of ovarian hormones. (Fig-1) The phases are proliferative 

phase, ovulation phase, secretory phase and menstrual 

phase.
[ 2,3,4]

 

 

 
Fig. 1: Different phases of ovulation. 
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ABSTRACT 

Human saliva contains numerous molecules that play a variety of roles. Among them there are proteins- which 

serve as biomarkers for ovulation. The ability to identify the precise time of ovulation is important for women who 

want to plan conception or practice contraception. Presently, there is an increasing need to develop a non- invasive 

method to identify the time of ovulation, and saliva in this context is a potential diagnostic fluid. Here, we review 

the current literature for understanding the changes in hormonal, biochemical, proteomic, thyroid and antioxidant 

profiles during various phases of ovulation. The major salivary hormones that act as a mirror for ovulation are- 

estrogen, progesterone and Luteinizing hormone. This review unravels a plethora of properties served by saliva 

which are characteristic during the menstrual cycle. 
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FSH which is secreted by the pituitary gland influences 

the growth of multiple follicles inside the ovary during 

the proliferative or follicular phase. Estrogen, a hormone 

secreted by these growing follicles, subsequently inhibits 

the FSH through a negative feedback loop involving the 

pituitary gland, hypothalamus and Inhibin B.
[2,5]

 

Detection and monitoring of ovulation has long been 

practiced by women pursuing or avoiding pregnancy.
[6]

 

Nowadays, saliva is gaining importance as a marker for 

ovulation, pregnancy detection and contraception, as its 

composition is nearly the same as that of plasma. Other 

advantages of using saliva is the ease with which the 

sample can be obtained and is non- invasive. Saliva 

undergoes changes in terms of various physical and 

biochemical properties in accordance with menstrual 

cycle. 

 

These changes reflect the changes in hormonal assays 

associated with the menstrual cycle accurately, thus help 

women to determine the time of ovulation. 

 

This review mentions various parametric changes which 

take place in saliva during ovulation and how it is 

confirmed with the gold standard methods- serum plasma 

and ultrasonography. 

 

Parameters evaluated in saliva 

1. Hormones 

Sex hormones were first measured in saliva by 

radioimmunoassay in 1978.
[6]

 Saibaba et al in his study 

demonstrated that the mean levels of salivary estradiol 

and LH during ovulation phase is 2.35 ± 0.15pg/ ml and 

1.34 ± 0.04mIU/ml respectively. A peak in LH was 

observed during menstrual cycle at 12
th

 day, whereas the 

mean concentration of estradiol began to increase after 

LH shut down and reached its peak level during 14
th

 day 

of cycle.
7
 Alagendran et al showed that the mean 

concentration of LH increases during the onset of 

ovulatory phase, where as that of estrogen increase was 

noticed in the pre- ovulatory phase. Increase in 

progesterone levels was noticed from pre- ovulatory to 

post- ovulatory phase.
[8]

 Chatterson et al in his study 

found that mean estradiol level in the follicular phase 

was 22.1 ± 2.7pmol/ L, while mean luteal phase 

progesterone was 436 ± 34 pmol/ L.
[9]

 

 

The serum plasma hormonal assay found mean values 

for estradiol to be < 50pg/ ml during menstruation, 200 

pg/ ml (maximum) during follicular development and 

400 pg/ml (maximum) just before ovulation. (Table-1) 

The levels dip briefly during release of ovum and peaks 

again during the luteal phase.
[10]

 In the absence of 

pregnancy, the levels fall to its lowest or menstrual level 

at the end of the luteal phase. 

 

If conception occurs, estradiol levels rise steadily until 

the fetus is completely mature. This increase in estradiol 

levels arise from the placenta. The mean levels for 

luteinizing hormone during follicular phase of menstrual 

cycle was found to be 1.7 to 9 IU/L, during midcycle 

peak 6.17 to 17.2 IU/L and in luteal phase to be 1.09 to 

9.2 IU/L.
[11]

 The mean levels for progesterone were found 

to be 0.1 to 0.7ng/ml in the follicular stage and 2 to 25 

ng/ml in the luteal stage. 

 

Zeev et al concluded that the uterus grows significantly 

during the follicular phase of the cycle and these changes 

correlate positively with serum estrogen concentration as 

confirmed on ultrasonography findings.
[12]

 (Fig-2) Hence, 

an increase in estrogen levels in saliva during the 

ovulation phase is confirmed on an ultrasonograph with a 

significant finding of endometrium thickness. 

Alagendran et al gave a similar finding suggesting that 

the production of estradiol is correlated with follicular 

surface area and estrogen rich follicles are the source of 

ova, most likely to undergo successful fertilization and 

ongoing pregnancy.
[8]

 Using serial ultrasonography 

examinations, the time of ovulation can be determined as 

the point between maximum follicular diameter and 

follicular collapse. Ultrasonography signs of ovulation 

include- 

a) Disappearance or sudden decrease in follicle size 

b) Increased echogenicity inside the follicle, indicating 

corpus luteum formation 

c) Free fluid in pelvis 

d) Replacement of ‘triple- line appearance’ of 

endometrium by homogenous, hyperechoic 

‘luteinized’ endometrium.
[1]

 

 

 

Table 1: Comparison between levels of Plasma and Saliva during different phases of ovulation. 
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Fig. 2: Transvaginal ultrasonography of ovary and endometrium in early follicular phase (a–c), late follicular 

(shortly before ovulation) phase (d–f) and post-ovulatory luteal phase (g–i). 

 

2. Electrolytes 

Literature reveals that the salivary matrix beholds the 

potential to display a phenomenon called Ferning. 

Barbaro et al suggested that the appearance of fern 

formation maybe due to the appearance of surge of 

estrogenic activity which increases concentration of 

electrolytes in saliva gradually. The fern structures 

formed in the saliva are dried salt or electrolyte crystals 

present as a result of the electrolyte collected in saliva 

prior to and during ovulation. In addition, the Ferning is 

caused by equal proportion of sodium and potassium 

ions which cyclically increases under the influence of 

estrogen.
[13,14]

 Thus in the ovulation phase, crystals 

which are formed are clearly visible in saliva, whereas in 

other phases few crystalline structures are seen. 

 

The pattern of Ferning in saliva produced by sodium 

chloride, which cyclically increases under the influence 

of ovarian hormone estrogen is helpful to detect 

ovulation period in women.
[13,15,16]

 It is possible that the 

saliva secreted by the glands may differ in composition 

and physical properties so that the conditions governing 

the crystallization process are different at different times 

in the cycle.
[13]

 In menstrual cycle, the cyclical change in 

estrogen level produces increase in concentration of 

aldosterone and angiotensinogen. These hormones cause 

retention of sodium and other electrolytes which results 

in formation of Ferning in saliva. As estrogens are 

chemically related to deoxycorticosterone which has 

strong sodium retaining property, estrogen also causes 

sodium, chloride and water retention.
[13,17,18]

 This 

property of estrogen is confirmed by presence of 

recurrent ankle edema observed in few women before 

menstruation and in late pregnancy when estrogen level 

is high.
[13,19,20]

 In the second half of normal menstrual 

cycle, when progesterone is the dominant hormone in the 

body the fern pattern is no longer identified and the 

pattern is completely absent by the 22
nd

 day of a 

woman’s cycle. This disappearance of the fern pattern 

after 22
nd

 day of the menstrual cycle is suggestive of 

ovulation and its presence throughout the menstrual 

cycle suggests ‘an-ovulation’ or ‘an anovulatory cycle’ 

(Infertility).
[2]

 Saibaba et al found that the concentrations 

of sodium in saliva significantly increased during 

ovulation phase to 0.27 ± 0.08mmol/ ml whereas the 

chloride concentration was significantly less during 

preovulation phase and rapidly increased during 

ovulation phase to 0.045 ± 0.010 mmol/ml and reached 

maximum in post ovulation phase to 0.062 ± 0.009 

mmol/ml. The mean potassium and calcium level in 

saliva did not alter during the phases of menstrual 

cycle.
[7]

 Guida et al compared several methods to detect 

ovulation with changes in ultrasonography and found 

that positive salivary Ferning test correlated to -1 to +1 

days of actual ovulation in 42% of cases.
[21] 
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3. Salivary proteins 

Recently, salivary proteins have been proven to act as an 

ovulation indicator for women. Saibaba et al has proved 

cystatin -S as a biomarker protein and/or indicator of 

ovulatory phase.
[22]

 The submandibular gland is the 

major contributor of Cystatins in saliva. Cystatins are 

strong inhibitors of cysteine proteases which may be 

responsible for terminal protein degradation and thus has 

a role in the regulation of salivary calcium. 

 

Human cystatin- S has a high affinity towards tooth 

surface which helps in maintaining the surface 

mineralization.
[23]

 It has its role in pathological 

conditions like cancer progression and hence, is a 

promising tumor biomarker for early cancer diagnosis 

and follow-up.
[22]

 

 

4. Thyroid profile 

Alagendran et al in 2009 proved that salivary hormones 

like LH and T4 could be used as biomarkers for detecting 

ovulation in humans. In the normal menstrual cycle, the 

slight decrease in the level of estrogen at ovulation leads 

to a decrease of TSH level from the follicular phase to 

the ovulatory phase and this leads to a decrease of 

thyroglobulin (Tg) level, the production of which is 

stimulated by TSH. The decreased Tg level stimulates 

the feedback mechanisms and increases thyroid 

metabolism to regulate the serum levels of thyroid 

hormones.
[24]

 They showed that the thyroid levels were 

consistently low during the major part of the 

preovulatory phase days 6-12 of the cycle. TSH was 6.90 

± 0.522 µIU/ml, T3 concentration was 8.89 ± 1.27 

µIU/ml, T4 concentration was 11.96 ± 1.12 µIU/ml and 

increased beginning with the periovulatory phase up to 20 

pg/ml. The menstrual pattern is influenced by thyroid 

hormones directly through impact on the ovaries and 

indirectly through impact on SHBG, PRL and GnRH 

secretion and coagulation factors.
[24]

 

 

5. Antioxidant profile 

Alagendran et al in his study discussed that salivary 

antioxidant- alkaline phosphatase, peroxidase, ascorbic 

acid and lactate dehydrogenase is maximum during 

ovulation and minimum during post- ovulatory phase. He 

also mentioned that 17 β estradiol and progesterone 

influence the antioxidative status and the vulnerability to 

oxidative stress exhibited during normal menstrual cycle 

serves as an early diagnosis of ovulation detection.
[25]

 

There is a delicate balance between reactive oxygen 

species and the antioxidant enzymes in the ovarian 

tissues. The antioxidant enzymes neutralize reactive 

oxygen species production and protects oocyte and the 

embryo from oxidative stress. 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 

concentration of these is lower than that of serum.
[25]

 

 

They concluded that salivary antioxidants like 

peroxidase might serve as an indicator for ovulation in 

human by developing non- invasive kits. 

 

Limitations 

The methods available currently to detect ovulation were 

developed years ago. An ideal method to detect ovulation 

should be non- invasive, inexpensive, widely available, 

easy to use and precise in determining ovulation and the 

fertility window. None of the methods reported in the 

literature so far satisfies the above-mentioned features. In 

this context, studies should be conducted on larger 

samples, in subjects with varied cultural background in 

order to compare the differences in environmental 

hormones and dietary habits. A better understanding of 

physical and hormonal changes during ovulation with 

improvement in biotechnology field may help to develop 

accurate methods to detect ovulation.
[1]

 

 

CONCLUSION 

The highlight of this review is that it’s the first time a 

comparison between saliva and serum plasma is been 

made during various phases of ovulation amongst the 

three main hormones- estrogen, progesterone and 

luteinizing hormone. Human saliva has a promising role 

in detecting ovulation in women. The varied physico- 

chemical properties of saliva in different phases of 

ovulation could help to set a reference for the 

identification of fertile period in women. The micro and 

macro molecules which are involved in the 

ultrastructural variation and electrolytes, could lead to 

the development of a biosensor for ovulation detection 

and contraception in future. 
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