
INTRODUCTION

Lactic acid is a vital endogenous compound, engaged in intermedi-
ary metabolism of cells. Table 1 provides a select list of 13 reviews on 
lactic acid and its currently recognized physiological roles1-13). In 2004, 
Gladden3) had inferred: 'From 1930s to early 1970s, lactic acid was con-
sidered as a dead end waste product of glycolysis due to hypoxia, and a 
major cause of muscle fatigue. Since 1970s, the lactate paradigm shifted 
and lactate came to be considered as an important intermediate in 
wound repair and regeneration process.' In addition, the role of lactic 
acid (lactate) as a signaling molecule has gained prominence lately10,12,13).

The definition of pair bonding, meant in this study, is 'Development 
of a strong and long-lasting closeness and emotional attachment or 
bonding between two lovers or between parent and child' as presented 
by Francoeur14). As such, we include both, mother-baby bonding and 
romantic pair bonding under the large frame 'pair bonding'. Similar nur-
turing behaviors such as gazing, holding, hugging, feeding and kissing 
represent both types of bonding. In presenting a new pair bonding para-
digm in the 20th century, Pinsof15) included 7 set of factors involving 
ability to 

(1) attach to another human being
(2) love another person 

(3) select an appropriate partner 
(4) commit to an intimate relationship
(5) maintain a certain level of personal integrity, morality and 

responsibility
(6) get along with another person over an extended period of time 
(7) regulate emotion (particularly anger) and impulses (particularly 

sexuality) 

We have arranged these 7 ability factors, in an ascending order of 
progress in pair bonding. While discussing the biology underlying pair 
bond formation, Walum and Young16) had proposed that pair bonding is 
the evolutionary antecedent of romantic love and that pair bond is an 
essential element of romantic love. 

The influence of 7 body fluids in mother-baby bonding and roman-
tic pair bonding is presented in Table 2. Based on the assembled quanti-
tative and experimental evidence on the ubiquitous distribution of lactic 
acid in all the body fluids, we propose a hypothesis that lactic acid may 
be a primary chemosignal molecule for pair bonding in humans.
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METHOD

Published studies in humans which provided quantitation of lactic acid 
(or lactate) in seven body fluids, reviews on lactic acid metabolism and 
relevant publications which promoted the concept of putative pheromones 
were analyzed. We have excluded studies which reported merely the pres-
ence of lactic acid (or lactate) in body fluids, without quantification.

RESULTS

A total of 22 studies in humans which had quantitated lactic acid (or 
lactate) values in seven body fluids, between 1927 and 2011, are sum-
marized in Table 3. These include, breast milk (5 studies)17-21), lacrimal 
tear (1 study)22), saliva (2 studies)23,24), semen (4 studies)25-28), sweat (4 
studies)29-32), urine (2 studies)21,33) and vaginal fluid (4 studies)34-37). All 
seven body fluids are either released or excreted. As one would expect, 
the determination methods had varied among these 22 studies. 
Colorimetry, enzymatic, oxidation and titration, capillary electrophore-
sis with amperometric detection, gas chromatography and HPLC were 
the mainly used methods. As such, reported lactic acid (lactate) values 
in all the body fluids cannot be calibrated with precision. Nevertheless, 
a definite pattern of the presence of lactic acid in all the body fluids 
receives recognition.

DISCUSSION

First, we comment on the available quantitative data on the lactic 
acid content of human body fluids. Table 3 shows that among the 7 
body fluids studied, compared to other body fluids, reported data on lac-
rimal tears are inadequate. Even the only available study by van 
Haeringen and Glasius22) is five decades old. This is partly reflected by 
the difficulty in collecting lacrimal tears from human subjects. While 
inferring that the lactate levels of 1-5 mmol/L in tears are higher than 
the normal blood levels (0.5-0.8 mmol/L), Van Haeringen and Glasius22) 
had failed to indicate the age range and sex of their 10 subjects from 
whom samples were collected. 

Though four androstene steroids (androstenone, androstanol, 
androstadienone and estratetraenol) have been promoted as human pher-
omones for pair bonding during the past two decades, Wyatt had criti-
cized strongly such overenthusiastic promotions for false positive data, 
lack of methodological rigor and statistical doubts38,39). For mother-baby 
bonding, Vaglio et al.40) had identified 5 putative pheromone chemicals 
(Table 4): 1-dodecanol (lauryl alcohol), 1-1 oxybis octane, isocurcume-
nol, a-hexyl cinnamic aldehyde and isopropyl myristate. But, quantita-

tive data on these putative pheromone chemicals is missing. The molec-
ular weights of these 5 chemicals range between 186 and 270, and their 
boiling points range between 167℃ to 350℃. Compared to these five 
chemicals, lactic acid has a lower molecular weight of 90 and lower 
boiling point of 122℃.

As for the origin of human pheromones, Alex Comfort postulated 
50 years ago, 'Many mammalian pheromones seem to be urinary, though 
specialized secretions are also common. Contact with urine plays little 
part in human relations, though it may be emphasized in paraphilias. 
More likely vehicles in man are the skin, including axillary and pubic 
apocrine glands and hair tufts, which resemble the deer's tarsal organ 
and the smegma"41). As indicated in Table 2, Comfort had partially erred 
in not identifying the role played by baby's urine in mother-baby bond-
ing. Even though blood (as a body fluid) is not released, except under 
traumatic situations of injury, one study reports a significant increase in 
plasma lactic acid in healthy boys (1-3 years old) who had cried and 
resisted induction of anesthesia prior to undergoing circumcision42).

Why lactic acid seems an optimal compound for a role as primary 
chemosignal in the bonding process of humans? We suggest following 
reasons.

(1) It's ubiquity in all body fluids makes it an optimal choice to sat-
isfy the parsimony principle favored in evolution. Simply put, 
frugality in the use of body's resources43,44). This is best illustrat-
ed in vaginal niche, where lactic acid serves multiple functions, 
including microbicidal activity2,36,45) and anti-inflammatory effect 
on cervico-vaginal epithelia to mitigate HIV transmission in 
vivo45). Such multi-functional deeds have yet to be proved 
empirically for other touted 'putative pheromone' molecules. 

(2) It complies with the definition of a pheromone signal, in elicit-
ing a specific reaction such as a stereotyped behavior in the 
recipient38). For instance, in mother-baby bonding, lactic acid in 
the breast milk elicits baby's nose and mouth towards the breast. 
Lactic acid in the lacrimal tears of a baby elicits immediate com-
forting reaction from the mother.

(3) It is released from the human body regions identified by 
Comfort41), namely skin, axillary and pubic apocrine glands, 
penis and vagina. Among all other mammals, women are unique 
in having lactic acid at high levels in vagina during their repro-
ductive years, relative to pre-puberty and post-menopausal 
phases47).

(4) Low molecular weight (90.1) and relatively low boiling point 
(122℃) makes lactic acid air dispersal within short intimate dis-
tance easier.

(5) In dissolved state, lactic acid has a mild odor of soured milk or 
yogurt2).

(6) As a chemosignal, 2.2 fold increase in the concentration of lactic 
acid in vaginal fluid has been demonstrated during sexual stimu-
lation2).

Table 1: Select list of reviews on Lactic acid and its related physi-
ological roles

Year Topic Reference

1932 Lactic acid in the living organism Himwich1

1981 Vaginal odors and secretions Huggins & Preti2

2004 Lactate metabolism --- a new paradigm Gladden3

2012 Lactate in human sweat Derbyshire et al.4

2012 Brain lactate metabolism Dienel et al.5

2015 Lactate as a signaling molecule in the brain Mosienko et al.6

2017 Vaginal microbiota and host defence Smith & Ravel7

2017 Lactic acid, Lactobacillus and vaginal health Tachedjian et al.8

2017 Lactobacilli in human vaginal microbiota Witkin & Linhares9

2017 Lactic acid and glycolysis Sun et al.10

2018 Science and translation of Lactate shuttle theory Brooks11

2020 lactate signaling in malignancy Baltazar et al.12

2020 lactate signaling Certo et al.13

Table 2: Influence of Body Fluids in Mother-Baby Bonding and 
Pair Bonding

Body Fluid Mother-Baby Bonding1 Romantic Pair Bonding2

Breast milk (♀ only) positive    negative

Lacrimal tears positive    positive

Saliva negative    positive

Semen (♂ only) negative    positive

Sweat negative    positive

Urine positive 'marginal' 

Vaginal fluid (♀ only) negative    positive
1Signals are provided by the mother to baby via breast milk; signals provided by the baby to 

mother via lachrimal tears and urine. Tough a mother kisses her baby, in all probabilities, 

saliva is not exchanged during kissing, as opposed to romantic pair-bonding relationship.

 
2Signals are provided by courting couple via body fluids equally such as saliva, sweat, 

semen(♂)and vaginal fluid(♀). During foreplay, saliva is exchanged between pairs during 

kissing. Semen and vaginal fluid are exchanged during oral sex. Sweat is generated during 

coitus act. Anecdotal evidence for women shedding tears during climax of coitus act pre-

vails. 'Marginal' indicates marginally positive, in paraphilia cases of urolagnia or undinism.
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Table 3: Quantitation of Lactic Acid in Human Body Fluids involved in Bonding
Subject   Reference
No Age(yr) Lactic Acid

breast milk    
62♀ 21-45 30 - 173 μg/ml (mean 96 μg/ml) Ohta17

26♀ 30.5 ± 4.4 60 μg/ml (baseline) Wallace et al.18

  256 μg/ml (10 min post-exercise)
  267 μg/ml (30 min post-exercise)
9♀ 34.4 ± 5.1 0.1 mM Carey et al.19

24♀ 25 - 45 8.1 μg/ml (pre-maximal exercise) Wright et al.20

  18.9 μg/ml (post-maximal exercise) 
3♀ 27 - 33   4.8 - 16.5 μg/ml Zhang et al.21

  28.9 - 92.5 μg/ml (10 min post-exercise)
  6.4 - 35.8 μg/ml (30 min post-exercise)
  4.5 - 17.0 μg/ml (60 min post-exercise)
lacrimal tear   
10 n.m 1 - 5 mmol/L (as lactate) van Haeringen & Glasius22

saliva      
9 22.2 0.2 - 1.7 mM (as lactate) Segura et al.23

18♂ 17.3 0.48 ± 0.08 mM/L (before training) Volodchenko et al.24

  1.95 ± 0.14 mM/L (after 2h training)
Semen
50♂ n.m. 0.95 - 1.37 mg/ml McCarthy et al.25

n.m. n.m. 0.9 - 1.0 mg/ml Goldblatt26

   
9♂    n.m.    1.46 mg/ml Ackerman & Roussel27

5♂    11.48 ± 1.7 mg/ml (low fertility)  Lay et al.28

8♂   19.13 ± 1.1 mg/ml (medium fertility)  
11♂  16.11 ± 0.8 mg/ml (high fertility) 
sweat       
3♂ 28-39 0.34 - 0.97 mg/ml Mosher29

8? 30-60 2.85 ± 0.2 mg/ml Thurmon & Ottenstein30

4♂ 19-33 3.36 ± 0.0 mg/ml 
3  n.m 2.13 ± 0.2 mg/ml (dry heat) Lyburn31

30  n.m. 0.87 ± 0.0 mg/ml (wet heat)
1♀ 22 8.28 mg/ml Sugase & Tsuda32

7♂ 21-24 8.73 - 24.39 mg/ml
urine       
3♀ 27-33 19.4 - 31.4 μg/ml Zhang et al.21 
61 0-134 day 6.4 mmol/mol creatinine Haschke-Becher et al.33

45  30 d - 2.5 y 39.9 mmol/mol creatinine
 2.5 - 4  10.1 mmol/mol creatinine
59 2.5 - 4  5.5 mmol/mol creatinine
vaginal fluid* 
5♀ n.m 0.658 mg/g secretion (unstimulated) Preti et al.34

  1.482 mg/g secretion (self stimulation to orgasm)
59♀ 18-30 9.5 ± 11.9 mg/24 hr (OC non users)  Bauman et al35

82♀ 18-30 15.4 ± 10.0 mg/24 hr (OC users)
48♀ 18-45 111 ± 22 mM O'Hanlon et al.36

   
77♀ 31 0.11 mmol/l (healthy control) Beghini et al.37 

43♀ 29 0.02 mmol/l (bacterial vaginosis patients)
52♀ 28 0.13 mmol/l (vulvovaginal candidiasis patients)
21♀ 32 0.31 mmol/l (cytolytic vaginosis patients)

n.m = not mentioned; OC = oral contraceptives; 

*Beghini et al.'s study provided assayed median values of L-isomer and D-isomer of lactic acid for healthy controls and women suffering 

from three clinical conditions. What is shown in the table are the values for L-isomer. 
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Two prevailing limitations for this study needs mention. First, is the 
lack of a single publication in which the lactic acid content of all body 
fluids have been assayed, using the same quantitation method. Secondly, 
our hypothesis can neither be enhanced nor discredited due to an irritat-
ing tendency of psychologists using attention grabbing terms like 'pher-
omones' or 'chemical signals' in body odor studies48-50), without specifi-
cally identifying what these chemicals are. It could be that psychologists 
who flagrantly promote such usage either do not have expertise to iden-
tify such molecules in their labs or patience to chemically check such 
molecules via available service vendors, prior to publication. We sug-
gest that such vanities need to be restrained to the minimum.

CONCLUSION

It is appropriate to state three sentences on what Wyatt had observed 
in 2015, related to 'best candidate human pheromone': 'Historically, 
human pheromone research has focused on sex pheromones, but given 
our other highly developed senses in adulthood, sex may not be the right 
place to look first. Instead, suckling is one behavior in mammals where 
smell is known to be ubiquitously important. The secretion produced by 
lactating human mothers from areola (Montgomery's) skin glands 
around their nipple may contain a good candidate human pheromone'38). 
Similar thought was repeated by Wyatt two years later51). We question 
the need to look for two different signal chemicals in the breast of 
women and reproductive organs of men and women. Lactic acid perfect-
ly fits the bill as a 'two-in-one' signal chemical for mother-baby bonding 
and romantic pair bonding. A connecting link between mother-baby 
bonding and romantic pair bonding is the role played by woman's 
breast. As such, the chemosignal role played by lactic acid present in 
breast milk and vaginal fluid deserve attention. Previously, Newton and 
Newton52) had inferred that the physiologic responses in lactation and 
coitus are closely related, including occurrence of (1) uterine contrac-
tions, (2) nipple erection, and (3) milk ejection.

In conclusion, our hypothesis invite further attention on the func-
tional versatility of lactic acid in all the body fluids (lacrimal tears, sali-
va, sweat, breast milk, semen and vaginal fluid) of humans, and its con-
tribution to the emotional states of excitement during pair bonding.

ACKNOWLEDGMENTS

We thank Dr. Juri Suzuki and Ms. Ayano Murase for stimulating 
discussions. No financial support was received for this study.

REFERENCES

 1. Himwich HE. The role of lactic acid in the living organism. Yale J Biol Med. 1932; 
4(3): 259-291.

 2. Huggins GR and Preti G. Vaginal odors and secretions. Clin Obstet Gynecol. 1981; 
24(2): 355-377.

 3. Gladden LB. Lactate metabolism: a new paradigm for the third millennium. J Physiol. 
2004; 558(1): 5-30.

 4. Derbyshire PJ, Barr H, Davis F, and Higson SPJ. Lactate in human sweat: a critical 
review of research to the present day. J Physiol Sci. 2012; 62: 429-440.

 5. Dienel GA. Brain lactate metabolism: the discoveries and the controversies. J Cerebr 
Blood Flow Metabolism, 2012; 32: 1107-1138.

 6. Mosienko V, Teschemacher AG and Kasparov S. Is L-lactate a novel signaling molecule 
in the brain? J Cerebr Blood Flow Metabolism, 2015; 35: 1069-1075.

 7. Smith SB and Ravel J. The vaginal microbiota, host defence and reproductive physiolo-
gy. J Physiol. 2017; 595(2): 451-463.

 8. Tachedjian G, Aldunate M, Bradshaw C and Cone RA. The role of lactic acid produc-
tion by probiotic Lactobacillus species in vaginal health. Res Microbiol. 2017; 168: 
782-792.

 9. Witkin SS and Linhares IM. Why do lactobacilli dominate the human vaginal microbi-
ota? BJOG, 2017; 124: 606-611.

 10. Sun S, Li H, Chen J and Quian Q. Lactic acid: No longer an inert and end product of 
glycolysis. Physiology, 2017; 32: 453-463.

 11. Brooks GA. The science and translation of lactate shuttle theory. Cell Metabolism, 
2018; 27(4): 757-785.

 12. Baltazar F, Afonso J, Costa M and Granja S. Lactate beyond a waste metabolite: 
Metabolic affairs and signaling in malignancy. Front Oncol. 2020; 

  doi: 10.3389/fonc.2020.00231.
 13. Certo M, Marone G, de Paulis A, Mauro C and Pucino V. Lactate: Fueling the fire start-

er. WIREs Syste Biol Med. 2020; doi: 10.3389/fonc.2020.00231.
 14. Francoeur RF (ed) A Descriptive Dictionary and Atlas of Sexology, Greenwood Press, 

Westport, CO, 1991, p. 73.
 15. Pinsof WM. The death of 'Till Death Us Do Part': The transformation of pair bonding in 

the 20th century. Fam Process, 2002; 41: 135-157.
 16. Walum H and Young LJ. The neural mechanisms and circuitry of the pair bond. Nature 

Rev Neurosci. 2018; 19: 643-654.
 17. Ohta F. Further report on lactic acid content of human milk and Arakawa's reaction. 

Tohoku J Exp Med. 1940-41; 39(3): 248-277.
 18. Wallace JP, Inbar G, Ernsthausen K. Infant acceptance of post-exercise breast milk. 

Pediatrics 1992; 89: 1245-1247.
 19. Carey GB, Quinn TJ and Goodwin SE. Breast milk composition after exercise of differ-

ent intensities. J Human Lact, 1997; 13(2): 115-120.
 20. Wright KS, Quinn TJ, Carey GB. Infant acceptance of breast milk after maternal exer-

cise. Pediatrics 2002; 109: 585-589.
 21. Zhang M, Wang Y, Zhang J, Cui Q, Ye J, Chu Q. Study on the effect of moderate exer-

cise on lactic acid content in breast milk by indirect CE with amperometric detection. 
Chromatographia 2011; 74: 275-280.

 22. Van Haeringen NJ, Glasius E. Collection method dependant concentrations of some 
metabolites in human tear fluid, with special reference to glucose in hyperglycaemic 
conditions. Graefes Archiv Klin Ex Opthalmol 1977; 202: 1-7.

 23. Segura R, Javierre C, Ventura JL, Lizarraga MA, Campus B and Garrido E. A new 
approach to the assessment of anaerobic metabolism: Measurement of lactate in saliva. 
Br J Sports Med. 1996; 30(4): 305-309.

 24. Volodchenko OA, Podrigalo LV, Iermakov SS, Zychowska MT, Jagiello W. The use-
fulness of performing biochemical tests in the saliva of kick boxing athletes in the 
dynamic of training. BioMed Res Internat. 2019; article ID 2014347, 7 pages. http://
doi.org/10.1155/2019/2014347.

 25. McCarthy JF, Stepita CT, Johnston MB and Killian JA. Glycolysis in semen. Proc Soc 
Exp Biol Med. 1927; 25(1): 54.

 26. Goldblatt MW. Constituents of human seminal plasma. Biochem J 1935; 29: 1346-1357
 27. Ackerman DR, Roussel JD. Fructose, lactic acid and citric acid content of the semen 

of eleven subhuman primate species and of man. J Rep Fertil 1968; 17: 563-566.
 28. Lay, MF, Richardson ME, Boone WR, Bodine AB, Thurston RJ. Seminal plasma and 

IVF potential. J Assist Rep Genet 2001; 18: 144-150.
 29. Mosher HH. Simultaneous study of constituents of urine and perspiration. J Biol Chem. 

1932; 99: 781-790.
 30. Thurmon FM, Ottenstein B. Studies on the chemistry of human perspiration with espe-

cial reference to its lactic acid content. J Invest Dermatol 1952; 18: 333-339.
 31. Lyburn EFS. A comparison of the composition of sweat induced by dry heat and by wet 

heat. J Physiol 1956; 134: 207-215.
 32. Sugase S, Tsuda T. Determination of lactic acid, uric acid, xanthine and tyrosine in 

human sweat by HPLC, and the concentration variation of lactic acid in it after the 
intake of wine. Bunseki Kagaku 2002; 51: 429-435.

 33. Haschke-Becher E, Baumgartner M and Bachmann C. Assay of D-lactate in urine of 
infants and children with reference values taking into account data below detection 
limit. Clin Chim Acta, 2000; 298: 99-109.

 34. Preti G, Huggins GR, Silverberg GD. Alterations in the organic compounds of vaginal 

Table 4: Signal Molecules from mother to baby during bond-
ing in Humans

Signal moleculea Formula Mol. Wt. boiling point (oC)

1) 1-dodecanol  C12H26O 186.34 259
 (lauryl alcohol)
2) 1-1'oxybis octane C16H34O 242.44 286.5
3) Isocurcumenol C15H22O2 234.33 350
4) α-hexyl cinnamic  C15H20O 216.3 174
 aldehyde
5) Isopropyl myristate C17H34O2 270.45 167

Lactic Acidb C3H6O3  90.1 122
aSignal molecules (putative pheromones) 1-5, identified by Vaglio et al.40 from sweat-

patch picked at para-axillary and nipple-areola regions of 20 women (aged 30-40 years, 

mean age 36.8 years) during pregnancy and childbirth. But, concentration of these 5 

chemicals in the nipple-areola regions were not quantitated; only mean proportional 

rates (in percent) were presented.

bBased on the molecular weight, boiling point and odor profile, we propose that lactic 

acid can also be a primary signal molecule in nipple-areola region. For concentration 

range of lactic acid in breast milk (μg/ml), see Table 3.



Lactic Acid a Primary Chemosignal212

secretions caused by sexual arousal. Fertil Steril 1979; 32: 47-54.
 35. Bauman JE, Kolodny RC, Webster SK. Vaginal organic acids and hormonal changes in 

the menstrual cycle. Fertil Steril 1982; 38: 572-579.
 36. O'Hanlon DE, Moench TR and Cone RA. Vaginal pH and microbicidal lactic acid when 

Lactobacilli dominate the microbiota. PLoS ONE, 2013; 8(11): e80074.
  doi: 10.1371/journal.pone.0080074.
 37. Beghini J, Linhares IM, Giraldo PC, Ledger WJ and Witkin SS. Differential expression 

of lactic acid isomers, extracellular matrix metalloproteinase inducer, and matrix 
metalloproteinase-8 in vaginal fluid from women with vaginal disorders. BJOG, 2015; 
122: 1580-1585.

 38. Wyatt TD. The search for human pheromones: the lost decades and the necessity of 
returning to first principles. Proc R Soc. B, 2015; 282: 20142994.

  http://dx.doi.org/10.1098/rspb.2014.2994.
 39. Wyatt TD. Reproducible research into human chemical communication by cues and 

pheromones: learing from psychology's renaissance. Phil Trans R Soc B, 2020; 375: 
20190262. http://dx.doi.org/10.1098/rstb.2019.0262.

 40. Vaglio S, Minicozzi P, Boometti E, Mello G, Chiarelli B. Volatile signals during preg-
nancy: a possible chemical basis for mother-infant recognition. J Chem Ecol. 2009; 
35: 131-139.

 41. Comfort A. Likelihood of human pheromones. Nature, 1971; 230: 432-433 & 479.
 42. Aono J, Ueda W, and Manabe M. Alteration in glucose metabolism by crying in chil-

dren. New Engl J Med. 1993; 329: 1129.

 43. Baldwin JE and Krebs H. The evolution of metabolic cycles. Nature, 1981; 291: 381-
382.

 44. Cookson LJ. A desire for parsimony. Behav Sci. 2013; 3: 576-586.
 45. Valore EV, Park CH, Igreti SL and Ganz T. Antimicrobial components of vaginal fluid. 

Am J Obstet Gynecol. 2002; 187: 561- 568.
 46. Hearps AC, Tyssen D, Srbinovski D, Bayigga L, Diaz DJD, Aldunate M. Cone RA, 

Gugasyan R, Anderson DJ and Tachedjian G. Vaginal lactic acid elicits an anti-inflam-
matory response from human cervicovaginal epithelial cells and inhibits production of 
pro-inflammatory mediators associated with HIV acquisition. Mucosal Immunol. 
2017; 10(6): 1480-1490.

 47. Witkin SS. Lactic acid alleviates stress: good for female genital tract homeostasis, bad 
for protection against malignancy. Cell Stress Chaperones, 2018; 23: 297-302.

 48. Stern K and McClintock MK. Regulation of ovulation by human pheromones. Nature, 
1998; 392: 177-179.

 49. Singh D and Bronstad PM. Female body odour is a potential clue to ovulation. Proc 
Roy Soc Lond. B, 2001; 268: 797-801. 

 50. Oren C and Shamay-Tsoory SG. Preliminary evidence of olfactory signals of women's 
fertility increasing social avoidance behavior towards women in pair-bonded men. Sci 
Reports 2017; 7: 11056. doi: 10.1038/s41598-017-11356-0

 51. Wyatt TD. Pheromones. Curr Biol. 2017; 27: R739-R743.
 52. Newton N and Newton M. Psychologic aspects of lactation. New Engl J Med. 1967; 

277: 1179-1188.


