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Hormones of sexual behavior 

 

Sexual motivation is influenced by hormones such 
as testosterone, estrogen, progesterone, oxytocin, and vasopressin. In most mammalian 
species, sex hormones control the ability to engage in sexual behaviors. However, sex hormones 
do not directly regulate the ability to copulate in primates (including humans). Rather, sex 
hormones in primates are only one influence on the motivation to engage in sexual behaviours. 
Measuring sexual motivation Sexual motivation can be measured using a variety of different 
techniques. Self-report measures, such as the Sexual Desire Inventory, are commonly used to 
detect levels of sexual motivation in humans. Self-report techniques such as the bogus 
pipeline can be used to ensure individuals do not falsify their answers to represent socially 
desirable results. Sexual motivation can also be implicitly examined through frequency of sexual 
behaviour, including masturbation. 

Hormones:  

Testosterone: Testosterone appears to be a major contributing factor to sexual motivation in 
male primates, including humans. The elimination of testosterone in adulthood has been shown 
to reduce sexual motivation in both male humans and male primates. Male humans who had their 
testicular function suppressed with a GnRH antagonist displayed decreases in sexual desire and 
masturbation two weeks following the procedure. Research from male rhesus monkeys suggests 
testosterone functions to increase sexual motivation, thereby motivating males to compete for 
access to sexual partners. It is postulated that the motivating effects of testosterone in male 
rhesus monkeys promotes successful sexual competition and may be particularly important 
motivating tools for low ranking males. It is important to note that elimination of testosterone in 
primates does not reduce the ability to copulate; rather, it reduces the motivation to copulate. 

Testosterone levels in males have been shown to vary according to the ovulating state of females. 
Males who were exposed to scents of ovulating women recorded higher testosterone levels than 
males who were exposed to scents of nonovulating women. Being exposed to female ovulating 
cues may increase testosterone, which in turn may increase males' motivation to engage in, and 
initiate, sexual behaviour. Ultimately, these higher levels of testosterone may increase 
the reproductive success of males exposed to female ovulation cues.  

The relationship between testosterone and female sexual motivation is somewhat ambiguous. 
Research suggests androgens, such as testosterone, are not sufficient by themselves to prompt 
sexual motivation in females. In particular, studies with rhesus macaques have observed 
testosterone was not significantly associated with variations in level of sexual motivation in 
females. However, some research with nonhuman primates suggests a role for androgens in 
female sexual reproduction behaviour. Adrenalectomized female rhesus monkeys displayed 
diminished female sexual receptivity. Later studies revealed this diminished sexual receptivity 
was specific to the elimination of androgens that can be converted to estrogen.  It is also 
suggested that levels of testosterone are related to the type of relationship in which one is 
involved. Men involved in polyamorous relationships display higher levels of testosterone than 
men involved in either a single partner relationship or single men. Polyamorous women have 



both higher levels of testosterone and score higher on measures of sexual desire than women 
who are single or women who are in single-partner relationships.  

Estrogens and progesterone  

Estrogens and progesterone typically regulate motivation to engage in sexual reproduction 
behaviour for females in mammalian species, though the relationship between hormones and 
female sexual motivation is not as well understood. In particular, estrogens have been shown to 
correlate positively with increases in female sexual motivation, and progesterone has been 
associated with decreases in female sexual motivation. The periovulatory period of the 
female menstrual cycle is often associated with increased female receptivity and sexual 
motivation. During this stage in the cycle, estrogens are elevated in the female and progesterone 
levels are low. At this time, mating can result in female pregnancy. 

Females at different stages of their menstrual cycle have been shown to display differences 
in sexual attraction. Heterosexual females not using birth control pills who are ovulating (high 
levels of estrogens) have a preference for the scent of males with low levels of fluctuating 
asymmetry. Ovulating heterosexual females also display preferences toward masculine faces and 
report greater sexual attraction to males other than their current partner. From an evolutionary 
perspective, increases in estrogens during fertile periods in females may direct sexual motivation 
toward males with preferential genes (the good genes hypothesis). 

Following natural or surgically induced menopause, many women experience declines in sexual 
motivation. Menopause is associated with a rapid decline of estrogen, as well as a steady rate of 
decline of androgens. The decline of estrogen and androgen levels is believed to account for the 
lowered levels of sexual reproduction desire and motivation in postmenopausal women, although 
the direct relationship is not well understood. In her memoir She's Not There: A Life in Two 
Genders, transgender woman Jennifer Finney Boylan wrote that taking estrogens 
and antiandrogens profoundly diminished her libido, and in transgender woman Julia Serano's 
memoir Whipping Girl: A Transsexual Woman on Sexism and the Scapegoating of Femininity, 
Serano wrote, in a section of her book she described as limited to hormonal changes that she said 
are experienced by many trans women she has spoken with, that a sharp decrease in her sex drive 
was the first thing she noticed when she started taking estrogens and anti androgens.  

Oxytocin and vasopressin 

The hormones oxytocin and vasopressin are implicated in regulating both male and female 
sexual motivation. Oxytocin is released at orgasm and is associated with both sexual pleasure 
and the formation of emotional bonds. Based on the pleasure model of sexual motivation, the 
increased sexual reproduction pleasure that occurs following oxytocin release may encourage 
motivation to engage in future sexual reproduction activities. Emotional closeness can be an 
especially strong predictor of sexual motivation in females and insufficient oxytocin release may 
subsequently diminish sexual reproduction arousal and motivation in females. 

High levels of vasopressin can lead to decreases in sexual motivation for females. A link 
between vasopressin release and aggression has been observed in females, which may impair 
female sexual reproduction arousal and sexual motivation by leading to feelings of neglect and 
hostility toward a sexual partner. In males, vasopressin is involved in the arousal phase. 



Vasopressin levels have been shown to increase during erectile response in male sexual 
reproduction arousal, and decrease back to baseline following ejaculation. The increase of 
vasopressin during erectile response may be directly associated with increased motivation to 
engage in sexual behaviour.  

Nonprimate species: The hormonal influences of sexual motivation are much more clearly 
understood for nonprimate females. Suppression of estrogen receptors in the ventromedial 
nucleus of the hypothalamus in female rats has been observed to reduce female proceptivity and 
receptivity. Proceptivity and receptivity in the female rat are indicators of sexual motivation, thus 
indicating a direct relationship between estrogen levels and sexual motivation. In addition, 
female rats receiving doses of estrogen and progesterone were more likely to exert effort at 
gaining sexual reproduction attention from a male rat. The willingness of the female rats to 
access males was considered a direct measure of the females' levels of sexual motivation. 

An increase in vasopressin has been observed in female rats which have just given birth. 
Vasopressin is associated with aggressive and hostile behaviours, and is postulated to decrease 
sexual motivation in females. Vasopressin administered in the female rat brain has been observed 
to result in an immediate decrease in sexual motivation.  

Sexual orientation: Little research has been conducted on the effect of hormones on 
reproduction motivation for same-sex sexual contact. One study observed the relationship 
between sexual motivation in lesbian and bisexual women and period-related changes in 
circulating estrogen concentrations. Lesbian women who were at the estrogen peak of their 
fertile cycle reported increased reproduction motivation for sexual contact with women, whereas 
bisexual women reported only a slight increase in same-sex motivated sexual contact during 
peak estrogen levels. 

Both lesbian and bisexual women showed decreases in reproduction motivation for other-sex 
sexual contact at peak estrogen levels, with greater changes in the bisexual group than the lesbian 
group. 

Clinical research 

Men 

Testosterone is critical for sexual desire, function, and arousal in men. Aromatization of 
testosterone into the estrogen estradiol appears to be partially responsible for the effects of 
testosterone on sexual desire and function in men. 5α-Reduction of testosterone into the more 
potent androgen dihydrotestosterone (DHT) may have a small contribution to the effects of 
testosterone on sexual desire and function in men. Based on animal research, metabolites of DHT 
including the neurosteroids and weak estrogens 3α-androstanediol and 3β-androstanediol may be 
involved in sexual function in men.  

Men experience sexual dysfunction at testosterone levels of below 300 ng/dL, with men that 
have levels of testosterone of approximately 200 ng/dL often experiencing such 
problems. Complete loss of testicular testosterone production resulting in testosterone levels 
within the castrate range (95% decrease, to 15 ng/dL on average) with surgical or medical 
castration causes profound sexual dysfunction in men. Combined marked suppression of 



testicular testosterone production resulting in testosterone levels of just above the castrate/female 
range (70 to 80% decrease, to 100 ng/dL on average) and marked androgen 
receptor antagonism with high-dosage cyproterone acetate monotherapy causes profound sexual 
dysfunction in men. Treatment of men with medical castration and add-back of multiple dosages 
of testosterone to restore testosterone levels (to a range of about 200 to 900 ng/dL) showed that 
testosterone dose-dependently restored sexual desire and erectile function in men. High-dosage 
monotherapy with an androgen receptor antagonist such as bicalutamide or enzalutamide, which 
preserves testosterone and estradiol levels, has a minimal to moderate negative effect on sexual 
desire and erectile function in men in spite of strong blockade of the androgen receptor. Estradiol 
supplementation maintains greater sexual desire in men with surgical or medical 
castration. High-dose estrogen therapy, which results in marked or complete suppression of 
testicular testosterone production such that testosterone levels are within the castrate range (95% 
decrease, to less than 50 ng/dL), causes decreased sexual desire and function. However, sexual 
function and activity appear to be significantly better with high-dose estrogen therapy than with 
surgical castration. Treatment of men with medical castration and add-back testosterone to 
restore testosterone levels, with or without the aromatase inhibitor anastrozole, showed that 
prevention of the conversion of testosterone into estradiol partially prevented restoration of 
sexual desire and erectile dysfunction by testosterone in men. However, this was not the case in 
another study with a similar design that used the aromatase inhibitor testolactone. Men 
with aromatase deficiency and estrogen insensitivity syndrome, and hence estrogen deficiency, 
appear to have normal sexual desire, function, and activity. However, estradiol supplementation 
in some men with aromatase deficiency increased sexual desire and activity but not in other men 
with aromatase deficiency. Treatment with the antiestrogenic selective estrogen receptor 
modulator (SERM) tamoxifen has been found to decrease sexual desire in men treated with it 
for male breast cancer. However, other studies have not found or reported decreased sexual 
function in men treated with SERMs including tamoxifen, clomifene, raloxifene, and toremifene.  

5α-Reductase inhibitors, which block the conversion of testosterone into DHT, result in a slightly 
increased risk of sexual dysfunction with an incidence of decreased libido and erectile 
dysfunction of about 3 to 16%. Treatment of healthy men with multiple dosages of testosterone 
enanthate, with or without the 5α-reductase inhibitor dutasteride, showed that dutasteride did not 
significantly influence changes in sexual desire and function. Treatment of men with high-
dosage bicalutamide therapy, with or without the 5α-reductase inhibitor dutasteride, showed that 
dutasteride did not significantly influence sexual function. Combined high-dosage bicalutamide 
therapy plus dutasteride showed less sexual dysfunction than medical castration similarly to 
high-dosage bicalutamide monotherapy.  

Treatment of men with very high-dosage DHT (a non-aromatizable androgen), which resulted in 
an increase in DHT levels by approximately 10-fold and complete suppression of testosterone 
and estradiol levels, showed that none of the measures of sexual function were significantly 
changed with the exception of a mild but significant decrease in sexual desire. Treatment of 
hypogonadal men with the aromatizable testosterone undecanoate and the non-
aromatizable mesterolone showed that testosterone undecanoate produced better improvements 
in mood, libido, erection, and ejaculation than did mesterolone. However, the dosage of 
mesterolone could have been suboptimal.  

 



Women 

Estradiol seems to be the most important hormone for sexual desire in women. 
Periovulatory levels of estradiol increase sexual desire in women. Based on animal 
research, progesterone may also be involved in sexual function in women. Very limited clinical 
research suggests that progesterone does not increase sexual desire and may decrease it. There is 
little support for the notion that physiological levels of testosterone are important for sexual 
desire in women, although supraphysiological levels of testosterone can increase sexual desire in 
women similarly to the high levels in men.  

There is little to no correlation between total testosterone levels within the normal physiological 
range and sexual desire in premenopausal women. Sexual desire is not increased in women 
with polycystic ovary syndrome (PCOS) in spite of high testosterone levels. Women with PCOS 
actually experience an improvement in sexual desire following treatment of their condition, 
likely due improved psychological functioning (e.g., body image).  

Sexual desire is not decreased in women with complete androgen insensitivity syndrome (CAIS) 
relative to unaffected women in spite of a completely non-functional androgen receptor. Sexual 
desire is increased or unchanged in most women taking a combined birth control pill. This is in 
spite of the fact that almost all combined birth control pills contain the 
potently hepatotropic estrogen ethinylestradiol, and the typical doses of ethinylestradiol present 
in combined birth control pills increase sex hormone-binding globulin (SHBG) levels by 2- to 4-
fold and consequently decrease free testosterone levels by 40 to 80%. However, there are some 
conflicting reports on the effects of combined birth control pills on sexual function in 
women. Progestogen-only birth control, such as with depot medroxyprogesterone acetate or 
the etonogestrel birth control implant, has shown mixed effects on sexual desire and 
function. Androgen receptor antagonists such as flutamide and bicalutamide cause little to no 
decrease in sexual desire in women.  

Low dosages of testosterone that result in physiological levels of testosterone (< 50 ng/dL) do 
not increase sexual desire in women. High dosages of testosterone that result in 
supraphysiological levels of testosterone (> 50 ng/dL) significantly increase sexual desire in 
women, with levels of testosterone of 80 to 150 ng/dL "slightly" increasing sexual desire. Further 
higher dosages of testosterone may result in greater effects on sexual desire in women. High 
dosages of testosterone (with levels of > 50 ng/dL) have a risk of masculinization (e.g., acne, hair 
growth, voice changes) with long-term therapy in women. High dosages of testosterone but not 
low dosages of testosterone enhance the effects of low dosages of estrogens on sexual 
desire. Tibolone, a combined estrogen, progestin, and androgen, may increase sex drive to a 
greater extent than standard estrogen–progestogen therapy in postmenopausal women.  

Transgender individuals: Testosterone therapy increases sexual desire and arousal 
in transgender men. Estradiol and antiandrogen therapy decreases sexual desire and arousal 
in transgender women. However, treatment with estradiol in transgender women who have 
undergone surgical castration appears to maintain significantly greater sexual desire and activity 
than would be expected for surgical castration alon 

 



Sex pheromone 

Sex pheromones are pheromones released by an organism to attract an individual of the 
opposite sex, encourage them to mate with them, or perform some other function closely related 
with sexual reproduction. Sex pheromones specifically focus on indicating females for breeding, 
attracting the opposite sex, and conveying information on species, age, sex and genotype. Non-
volatile pheromones, or cuticular contact pheromones, are more closely related to social insects 
as they are usually detected by direct contact with chemoreceptors on the antennae or feet of 
insects. 

Insect sex pheromones have found uses in monitoring and trapping of pest insects. 

Evolution: Sex pheromones have evolved in many species. The many types of pheromones (i.e. 
alarm, aggregation, defense, sexual attraction) all have a common cause acting as chemical cues 
to trigger a response. However, sex pheromones are particularly associated with signaling mating 
behaviors or dominance. The odors released can be seen as a favorable trait selected by either the 
male or female leading to attraction and copulation. Chemical signaling is also used to find 
genetically different mates and thus avoid inbreeding. Females are often selective when deciding 
to mate, and chemical communication ensures that they find a high-quality mate that satisfies 
their reproduction needs. 

Sexual selection 

Odours may be a kind of male "ornament" selected for by female choice. They meet the criteria 
for such ornaments that Charles Darwin set out in The Descent of Man, and Selection in Relation 
to Sex. After many years of study the importance of such chemical communication is becoming 
clear.  

Males usually compete for scarce females, which make adaptive choices based on male traits. 
The choice can benefit the female directly and/or genetically. In tiger moths (Utetheisa ornatrix), 
females choose the males that produce the most pheromone; an honest signal of the amount of 
protective alkaloids the male has, as well as an indicator of the size of female offspring (females 
fertilised by such males lay more eggs).  Male cockroaches form dominance hierarchies based on 
pheromone "badges", while females use the same pheromone for male choice.  

In most species, pheromones are released by the non-limiting sex. Some female moths signal, but 
this is cheap and low risk; it means the male has to fly to her, taking a high risk. This mirrors 
communication with other sensory modalities, e.g. male frogs croak; male birds are usually 
colourful. Male long-range pheromone signals may be associated with patchy resources for the 
female. In some species both sexes signal. Males can sometimes attract other males instead, the 
sex pheromone acting as an aggregation pheromone.  

External fertilization and chemical duets 

It is likely that most externally fertilizing species (e.g. marine worms, sea urchins) coordinate 
their sexual behaviour (release of sperm and eggs) using pheromones. This coordination is very 
important because sperm are diluted easily, and are short-lived. Coordination therefore provides 



a selective advantage to both males and females: individuals that do not coordinate are unlikely 
to achieve fertilisation and hence to leave offspring.  

The main selective advantage of outcrossing is that it promotes the masking of deleterious 
recessive alleles, while inbreeding promotes their harmful expression 

Fish commonly use reproductive hormones (steroids and prostaglandins) both as endogenous 
signals between reproductive tract and brain and as exogenous signals (hormonal pheromones) 
that synchronize gamete maturation and/or spawning interactions between and among 
conspecifics. This dual function for hormonal products not only extends traditional concepts that 
sex hormone actions are limited to reproductive synchrony within the individual, but also implies 
we are unlikely to achieve a comprehensive understanding of reproductive function in any fish 
without knowledge of both the endogenous and exogenous actions of its hormones and related 
released compounds. Such knowledge is beginning to accumulate for several species (e.g. 
goldfish, Atlantic salmon), but even here is far from complete. Moreover, because hormonal 
pheromone studies have focused on oviparous gonochorists with relatively simple reproductive 
strategies, we know nothing about the potential hormonal pheromone functions of the numerous 
species with sequential hermaphroditism or alternative male strategies, or the possible changes in 
pheromone function associated with the numerous transitions from oviparity to viviparity. Given 
the insights we have gained from studies of traditional species, it seems certain that expanding 
hormonal pheromone research to non-traditional species exemplifying the diverse nature of fish 
mating systems will similarly enrich our understanding of fish reproductive function.  

In humans 

No study has led to the isolation of true human sex pheromones. While humans are highly 
dependent upon visual cues, when in close proximity, smells also play a role in sociosexual 
behaviors. An inherent difficulty in studying human pheromones is the need for cleanliness and 
odorlessness in human participants.  

Signalling 

 
Different species use a wide variety of chemical substances to send sexual signals. The first to be 
described chemically was bombykol, the silkworm moth's sex pheromone, which is a complex 
alcohol, (E,Z)-10,12-hexadecadienol, discovered in 1959. It is detected in the antennae of the 
male moth by a pheromone-binding protein which carries the bombykol to a receptor bound to 
the membrane of a nerve cell.[10] The chemicals used by other moths are species-specific. For 
example, the Eastern spruce budworm Choristoneura fumiferana female pheromones contain a 
95:5 mix of E- and Z 11-tetradecenal aldehydes, while the sex pheromones of other species 
of spruce bud worm contain acetates and alcohols.  

Sexual development in the freshwater green alga Volvox is initiated by 
a glycoprotein pheromone. It is one of the most potent known biological effector molecules, as it 
can trigger sexual development at a concentration as low as 10−16 moles per litre. Kirk and Kirk 
showed that sex-inducing pheromone production can be triggered experimentally in somatic cells 
by heat shock.  



Use: Sex pheromones have found applications in pest monitoring and pest control. For 
monitoring, pheromone traps are used to attract and catch a sample of pest insects to determine 
whether control measures are needed. For control, much larger quantities of a sex pheromone are 
released to disrupt the mating of a pest species. This can be either by releasing enough 
pheromone to prevent males from finding females, effectively drowning out their signals, or by 
mass trapping, attracting and removing pests directly. For example, research on the control of the 
spruce bud moth (Zeiraphera canadensis) has focused on the use of the pheromone E-9-
tetradecenyl-acetate, a chemical the spruce bud moth releases during mating 

Pheromones are found throughout the living world and are a primal form of communication. 
These chemical messengers are transported outside the body and have a direct developmental 
effect on hormone levels and/or behaviour. This review article aims to highlight the role of 
human pheromones in sex and reproduction. A review of published articles was carried out, 
using PubMed, medical subject heading (MSH) databases and the Scopus engine. Key words 
used to assess exposure, outcome, and estimates for the concerned associations, were; olfaction; 
sex; pheromones; libido; behaviour; reproduction; humans; and smell. Although there are studies 
to support this phenomenon, they are weak because they were not controlled; others have 
proposed that human olfactory communication is able to perceive certain pheromones that may 
play a role in behavioural as well as reproductive biology. Unfolding the mysteries of smells and 
the way they are perceived requires more time and effort as humans are not systems that 
instinctively fall into a behaviour in response to an odour, they are thinking individuals that 
exercise judgment and subjected to different motivations. 

Sex pheromones in human: In humans, the claimed secreted male pheromone that attracts a 
woman is androstenone h exerting a positive effect on her mood, cognition and heightens 
sympathetic nervous system arousal. Also, the claimed unknowingly secreted female pheromone 
that attracts a man is androstenol . The apocrine axillary glands, regarded as pheromone-
producing scent glands, do not begin to function until puberty when sex hormones have an 
impact on their activity. Beier et al.  suggested a possible link between steroid hormone action 
and induction of pheromone production by investigating the localization of androgen receptor 
and estrogen receptors (α and β) in these glands. 

The free steroids present in hair as products of sebaceous glands, and the sulphate ester steroids 
as products of sweat glands, were isolated also from the axillary sweat of males and females. In 
1 g axillary hair, the free 4-androstene-3 beta, 17 beta-diol, testosterone, 5 alpha-
dihydrotestosterone, dehydroepiandrosterone, androsterone, 4-androstene-3,17-dione and 5 
alpha-androstane-3,17-dione occurred in nanomole amounts, whereas DHAS, androsterone 
sulphate and 5-androstene-3 beta,17 beta-diol-3-sulphate were 1000 times these amounts, 

Vaginal secretions:  

Whether or not human vaginal secretions contain a kind of sex pheromone (copulin) influencing 
male perception of females and inducing hormonal changes in males, is still debated. Human 
vaginal secretions contain various short chain (C2–C6) fatty acids, with predominated acetic acid 
suggesting a possible correlation with the rise and fall of hormone levels during the menstrual 
cycle . To verify this, Waltman et al.  collected vaginal samples by tampon from 50 healthy 
young women, demonstrating that volatile aliphatic acids were increased during the late 
follicular phase of the cycle and declined progressively during the luteal phase, where women on 



oral contraceptives had lower amounts of volatile acids and did not show rhythmic changes in 
acid content during their menses. 

In addition, Keith et al.  determined the odour composition of vaginal secretions before and after 
coitus using a condom to prevent male secretions or seminal fluid from entering vaginal 
secretions. They estimated 13 odourous compounds occurred regularly where components with 
acidic odour appeared at lower retention rates in post-coital samples concluding that differences 
exist in the odours of pre- and post-coital vaginal secretions. 

Scientific studies suggesting human pheromones 

Different scientific studies have suggested the possibility of pheromones in humans. 

McClintock , and Stern and McClintock tested the synchronization of the menstrual cycles 
among women based on unconscious odour cues (McClintock effect) where a group of women 
were exposed to a whiff of perspiration from armpits of other women. This caused their 
menstrual cycles to speed up or slow down depending on the timing of when the sweat was 
collected; before, during, or after ovulation. 

Russell  proposed that men secrete musk-like substances that women are maximally sensitive to 
during ovulation coupled with a noticeable increase in coitus during this period. If valid, this 
phenomenon might be responsible for women’s reputed tendency for unusual foods during 
pregnancy and menses. 

Russell tested the ability of sleeping babies to differentiate between pads worn by their own or 
by strange mothers indicating either that the baby imprints on its mother’s odour, or that the 
mother unconsciously marks her baby with a distinctive scent. This is supported by the common 
observation that a child rejects his favourite blanket or stuffed toy after it has been washed, 
presumably because it has lost a specific odour acquired in previous contacts. 

Comfort  reported that the age of onset of menstruation for girls had a direct correlation with the 
time that young girls spend with boys, due to their exposure to odours of the opposite sex. This 
phenomenon was documented in mice (Vandenbergh effect) where female mice raised alone 
have a higher age of maturation than those raised in cages filled with a male mouse’s bedding 
material. When the bedding belonged to a castrated male mouse, this effect was not observed. 

Preti et al.  indicated that constituents from the axillary region of donor females shifted the time 
of menstrual onset of another group even in the absence of social contact. 
Preti et al.  extracted underarm secretions from pads worn by men and placed that extract under 
the noses of women volunteers while monitoring serum LH and emotion/mood. The putative 
male pheromone(s) was demonstrated to advance the onset of the next peak of LH after its 
application, with reduced tension and increased relaxation, suggesting that male axillary 
secretions had constituent(s) that act as modulator pheromones. 

Cutler et al.  showed that the application of male axillary secretions to the upper lips of female 
volunteers had a regulatory effect on their menses. 



Ellis and Garber  reported that girls in stepfather-present homes experienced faster puberty than 
girls in single-mother homes. The younger the daughter when the new male arrived on the scene, 
the earlier her pubertal maturation. 

Wyart et al.  showed that the smell of androstadienone of male sweat maintains higher levels of 
cortisol in females and therefore has the ability to influence the endocrine balance of the opposite 
sex. 

Van Toller et al.  showed that skin conductance in volunteers exposed to androstenone was 
higher than that of non-exposed volunteers, providing evidence of the physiological effects of 
pheromone exposure. 

Filsinger et al.  asked males and females to rate vignettes of a fictional target male and female 
using semantic differentials, and to provide a self-assessment of mood. The test materials, sealed 
into plastic bags, were either impregnated with androstenol, androstenone, a synthetic musk 
control, or a no-odour control. Females exposed to androstenone produced a lower sexual 
attractiveness rating of the target male, while males exposed to androstenol perceived the male 
targets to be more sexually attractive. 

Benton  reported that androstenol application influenced rating of subjective mood at ovulation. 

Grammer found that females rated androstenone differently at various phases of their menstrual 
cycle. Contraceptive pill use appeared to influence female perception of androstenone suggesting 
that it may affect smell sensitivity or gonadal hormone levels, disrupting pheromone detection. 

Thorne et al. employed a repeated measures, double blind, balanced cross-over design to assess 
the possible influence of menstrual cycle phase and contraceptive pill use in both pheromone-
present and -absent conditions. During four sessions, the volunteers (n = 32) rated male vignette 
characters, and photographs of male faces, on various aspects of attractiveness. Pheromone 
exposure resulted in significantly higher attractiveness ratings of vignette characters and faces. 
Use of contraceptives or menstrual cycle phase had equivocal effects on some vignette items but 
had no influence on female ratings of male facial attractiveness. 

Morofushi et al.  examined the relation between menstrual synchrony and the ability to smell 
putative pheromones, 3alpha-androstenol and 5alpha-androstenone, among 64 women living 
together in a college dormitory. Twenty four (38%) of them became synchronized with 
roommates within three months indicating that women who showed menstrual synchrony had a 
higher sensitivity to 3alpha-androstenol but not necessarily to 5alpha-androstenone. 

Shinohara et al.  examined the effect of axillary compounds collected from women in the 
follicular phase (FP), ovulatory phase (OP) treated with isopropyl alcohol (IPA) on pulsatile 
secretion of serum LH. The recipients were not exposed to either axillary compounds or to IPA 
for the first 4 h and were exposed to FP or OP compounds, or to IPA, during the next 4 h. The 
frequency of LH pulse was increased by FP compounds and was decreased by OP compounds, 
but was not changed by IPA. 



Watanabe et al.  investigated changes of olfactory perception during the menstrual cycle using 
cyclopentadecanolide vapour. The results obtained from 18 trials showed that olfactory contrast 
was significantly enhanced at the ovulatory and/or menstrual phases. 

Spencer et al.  demonstrated that natural compounds collected from lactating women and their 
breast-fed infants increased the sexual motivation of other women, measured as sexual desire and 
fantasies where those with a partner experienced enhanced sexual desire whereas those without a 
partner had more sexual fantasies. 

Moshkin et al. assessed the scent attractiveness to female students of sweat samples collected 
from male students before and during exams. Male students with low basal salivary cortisol were 
assessed as more scent-attractive than students with high levels. A high level of salivary 
testosterone was associated with low scent attractiveness of the male students, but only for 
recipients in the non-receptive phase of the menstrual cycle. Females in the receptive phase were 
shown to assess the scent attractiveness of male students higher than those in the non-receptive 
phase. It is concluded that basal variation of stress-related physiological indices, such as salivary 
cortisol, are mirrored in male chemical signals, which are recognized by females. 

Kwan et al. showed that substances similar to androstenone are secreted in the smegma and the 
apocrine glands of the underarm and pubic areas of men. Also, the male pheromones 5α-androst-
16-en-3-one and 4,16-androstadien-3-one were found to be concentrated in human semen. The 
fact that men’s bodies secrete these substances and that women are maximally sensitive to them 
when they are most fertile may point to an olfactory-sexual role for these substances in human 
sexuality. 

Schaal et al. showed that mammalian females release olfactory attraction in their offspring by 
mammary odour. These signals and cues confer success for the offspring’s approach, exploration 
of the maternal body surface ensuing effective initial feeds and rapid learning of maternal 
identity. 

Vaglio et al. analyzed the chemical content of volatiles of sweat patch samples from the para-
axillary and nipple-areola regions of women during pregnancy and after childbirth. There were 
five volatile compounds (1-dodecanol, 1-1′-oxybis octane, isocurcumenol, alpha-hexyl-cinnamic 
aldehyde, and isopropyl myristate) that were absent outside pregnancy. It is concluded that 
differentiation of volatile patterns in pregnant women may help newborns to distinguish their 
own mothers. 

Marazziti et al. suggested that the application of male axillary extracts to women may modify the 
affinity of their platelet 5-HT transporter and of some impulsiveness and romantic attachment 
characteristics. 

Pheromones and sexual functions:  

The applied influence of pheromones on the sexual functions of both sexes has been investigated 
by different researchers. In fact, most studies have been carried out on animals, few on humans. 

Udry delineated the relation between coitus, orgasm and position in the menstrual cycle 
demonstrating that women engage in sexual intercourse about six times more frequently and are 



much more likely to have an orgasm at the time of ovulation. During and in the 2–3 days after 
menses, they were several times less likely to have sexual intercourse or have an orgasm. 
Coupled with women’s odour sensitivity, these results could indicate a possible pheromonal 
trigger for sexual behaviour.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Estrous cycle disruption 

The Whitten Effect: Male induction of Estrus 

 

The Whitten effect occurs when male pheromones stimulate synchronous estrus in a female 
population. 

Social signals, or social stimuli, have an effect on reproduction in all mammals. For certain 
female mice, the pheromones contained in the urine of male mice can act as a social stimulus, 
and induce synchronous estrus.  

Estrus is a stage of the female reproductive cycle, and if a female is in estrus, it means that she is 
both fertile and sexually receptive. Synchronous estrus occurs when multiple females are in 
estrus at the same time. 

When the pheromones contained in the urine of male mice stimulate synchronous estrus in a 
population of female mice, it is known as the Whitten effect. This is a phenomenon observed 
by Wesley K. Whitten (1956, 1966, 1968), whereby male mouse pheromone-laden urine 
synchronizes the estrus cycle "among unisexually grouped females," and is an example of male-
to-female pheromonal effects in mice, similar to the Bruce effect.  

The Whitten effect occurs when a group of female mice are exposed to the urine produced by a 
male mouse. The male’s urine contains certain volatile, or airborne, pheromones that affect the 
hormonal processes of the females that control their reproductive status. A sexually mature and 
viable male must produce the urine, as the pheromones that produce the Whitten effect are 
dependent on male sex hormones such as testosterone.  

The female mice do not require direct contact with the male’s urine to produce the Whitten 
effect, as the pheromone contained in the urine is airborne and therefore is taken up by the 
females through their olfactory system. The reproductive cycle of female mice in isolation is 
approximately 4 to 5 days, and the reproductive cycles of grouped females are often longer and 
more irregular. However, when grouped female mice are exposed to the pheromones contained 
in a male’s urine, the Whitten effect occurs, and the majority of the female mice will enter a new 
estrus cycle by the third day of exposure. However, there is little evidence for a similarly 
functioning vomeronasal, or olfactory, system (thought to be the sensory organ that initiates the 
Bruce, Vandenbergh, and Whitten effects) in humans. These differences, in putative stimulus and 
neural pathway (as well as species observed), stringently distinguishes the Whitten and 
McClintock effect, as the latter does not posit a role for male pheromones. 

 

 



Bruce effect: Male induced Pregnancy block 

Bruce effect or pregnancy block, is the tendency 
for female rodents to terminate their pregnancies following exposure to the scent of an 

unfamiliar male 
 

The effect was first noted in 1959 by Hilda M. Bruce, and has primarily been studied 
in laboratory mice (Mus musculus). In mice, pregnancy can only be terminated prior 
to embryo implantation, but other species will interrupt even a late-term pregnancy. The Bruce 
effect is also observed in deer-mice, meadow voles, collared lemmings, and it has also been 
proposed, but not confirmed, in other non-rodent species such as lions and geladas. 

Discovery 

In an experiment published in 1959, zoologist Hilda Bruce of the National Institute for Medical 
Research in London housed pregnant mice with male mice that were not the father of the 
carried embryo. As a result, the rate of miscarriages increased, followed by mating with the new 
male. No increased rate of miscarriages occurred when pregnant mice were paired 
with castrated or juvenile male mice. The effect remained when the male mice were kept out of 
sight or hearing of the females. This suggested that females were distinguishing the males by 
smell. To test this hypothesis, Bruce and her colleague Alan Parkes recruited perfumers to smell 
pieces of cloth from the mouse cages. The perfumers could distinguish the smells of different 
mouse strains.  

Mechanisms of action 

Detection of pheromones 

The vomeronasal system serves as a “vascular pump” that, stimulated by the presence of a novel 
male, actively draws in substances. Male mouse urine contains MHC class I peptides that bind to 
receptors in the female’s vomeronasal organ, a mucus-filled structure in the nasal septum. These 
chemical signals, which are specific to each male, are learned by the female during mating, or 
shortly after. The hormone vasopressin is crucial in coupling a chemosensory cue with an 
appropriate physiological response. When the vasopressin 1b receptor gene is knocked out in 
females, the presence of an unfamiliar male does not trigger pregnancy disruption.  

Recognizing familiar males 

Exposure to a male’s urinal pheromones will activate a neuroendocrine pathway leading to 
pregnancy failure. However, if the pheromones correspond with those memorized by the female 
(usually the male mating partner), a release of noradrenaline will lower the receptivity of 
the accessory olfactory bulb to these pheromones. The pregnancy disruption will, thus, be 
averted. This role for noradrenaline has recently been called into question. The 
hormone oxytocin is also important in this social memory process. Females treated with an 
oxytocin antagonist are unable to recognize the urinary scent of their mate, and will terminate 
pregnancy when exposed to any male, known or unknown.  



Neuroendocrine pathway 

The activation of vomeronasal neuron receptors by male pheromones triggers a 
complex neuroendocrine pathway. The pheromonal information travels via nerves to the 
accessory olfactory bulb, and then to the corticomedial amygdala, accessory olfactory tract, 
and stria terminalis. These areas stimulate the hypothalamus to increase the release 
of dopamine,[15][19] which thus prevents the secretion of prolactin from the anterior 
pituitary. In the absence of prolactin, an essential hormone for maintaining the corpus 
luteum, luteolysis takes place. As the corpus luteum can no longer release progesterone, 
the uterus remains unprimed for embryo implantation, and the pregnancy fails. 

Role of estrogens 

Androgens and estrogens, particularly estradiol (E2), are also crucial chemosignals regulating the 
Bruce effect. However, they are believed to act via a separate pathway to that discussed above. 
Small steroid molecules such as E2 can enter the bloodstream directly via nasal ingestion and 
travel to the uterus, which has a high density of suitable receptors. Normally, E2 is essential in 
preparing both the blastocyst and uterus for implantation. However, excessive E2 will prevent 
implantation from taking place. Castrated males are incapable of terminating female pregnancies, 
except when castrated males are given testosterone. Estradiol, a metabolic product of 
testosterone, is known to disrupt pregnancy in females, and is present in male urine. 

Timing 
The incidence of the Bruce effect depends on the timing of pheromone exposure. Post-mating, 
females experience twice-daily surges of prolactin. Pregnancy is only terminated if exposure to 
novel male scent coincides with two prolactin surges, one of these occurring in a daylight period.  
 
Evolutionary benefits 
In order to have evolved and persisted in the population, the Bruce effect must afford individuals 
a fitness advantage. The possible advantages of pregnancy block are widely debated. 
 
Males 
When given the opportunity, male mice tend to direct their urine in the female’s direction. This 
allows males to improve their fitness success by “sabotaging” the pregnancy of a male 
competitor, and more quickly returning the female to estrus. The Bruce effect can also aid in 
maintaining social status, with dominant males leaving more urinal scent markings, and so 
blocking the pregnancies initiated by subordinate males. 
 

Females 
Females can control their likelihood of terminating pregnancy by pursuing or avoiding novel 
male contact during their most susceptible periods. In this way, females can exert a post-
copulatory mate choice, reserving their reproductive resources for the highest-quality male. 
Certainly, females are more likely to seek proximity to dominant males. In many rodent species, 
males kill unrelated young; pregnancy block may avoid the wasted investment of gestating 
offspring likely to be killed at birth. The Bruce effect is most common in polygynous rodent 
species, for which the risk of infanticide is highest. 



Hormone replacement therapy (HRT) 

It is any form of hormone therapy wherein the patient, in the course of medical treatment, 
receives hormones, either to supplement a lack of naturally occurring hormones or to substitute 
other hormones for naturally occurring hormones. Common forms of HRT include: 

 Menopausal hormone therapy is based on the idea that the treatment may prevent discomfort 
caused by diminished circulating estrogen and progesterone hormones, or in the case of the 
surgically or prematurely menopausal, that it may prolong life and may reduce incidence of 
dementia. It involves the use of one or more of a group of medications designed to 
artificially boost hormone levels. The main types of hormones involved 
are estrogen, progesterone, or progestins, and sometimes, testosterone. It is often referred to 
as "treatment" rather than therapy. 

 Transgender hormone therapy introduces hormones associated with the gender that the 
patient identifies with (notably testosterone for transgender men and estrogen for transgender 
women). Some intersex people may also receive HRT. Cross-sex hormone treatment for 
transgender individuals is divided into two main types: feminizing hormone 
therapy and masculinizing hormone therapy. 

 Androgen replacement therapy (andropausal and ergogenic use) is a hormone treatment often 
prescribed to counter the effects of male hypogonadism or the "andropause". It is also 
prescribed to lessen the effects or delay the onset of normal male aging. Additionally, 
androgen replacement therapy is used for men who have lost their testicular function to 
disease, cancer, or other causes.  

As recently as 2005, women have had a positive attitude towards HRT, but based on the 
empirical data, these attitudes may be overly optimistic. There is still much to learn about how 
HRT affects people. In the combined hormone trial, the WHI tested only one estrogen (Premarin) 
and one progestin (Provera), in a single pill (Prempro), at a single dose (0.625 mg Premarin and 
2.5 mg Provera). Therefore, the results are not reliable nor representative. 

To avoid HRT risks, it is essential to use the most effective delivery method of both estrogen and 
progesterone. Bioidentical estradiol (estrogen) when taken orally is converted in the liver to 
estrone, a weaker bioidentical estrogen. However, when estrogen as estradiol is used 
transdermally as a patch, gel, or pessary, it enters the bloodstream as bioidentical estradiol. When 
estrogen is ingested it is subjected to first pass metabolism (Phase I drug metabolism) and is 
processed through the liver. This first pass metabolism stimulates proteins associated with heart 
disease and stroke, such as C-reactive protein, activated protein C, and clotting factors. Using a 
patch, gel, or pessary to take estrogen avoids first pass metabolism and the risks associated with 
it and the same level of blood concentration can be achieved avoiding the serious side effects 
associated with oral estradiol HRT. Current research shows that the transdermal route of 
estradiol administration can also be advantageous for women with diabetes, hypertension and 
other cardiovascular risk factors, as those risks increase with advancing age. Women taking 
bioidentical estrogen, orally or transdermally, who have a uterus should still take a progesterone 
to lower the risk of endometrial cancer. The plant-derived progesterone creams sold over the 
counter contain too little progesterone to be effective. Wild yam extract creams are not effective 
since the natural progesterone present in the extract is not bioavailable.  
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Past research has highlighted potential risks of HRT. The principal results from the Women's 
Health Initiative Randomized Controlled Trial was that hazard rate of invasive breast cancer 
exceeded the stopping boundary for this adverse effect and the global index statistic supported 
risks exceeding benefits.  

A study where women going through menopause using HRT with Progestin as a major 
component of the therapy showed a few adverse effects on hearing, which highlights the 
importance of choosing bioidentical progesterone instead of synthetic progestin. Not only does 
the Progestin decrease the functionality of many regions of the ear it also reduces the 
effectiveness in parts of the central nervous system used for hearing. Also, in some situations, it 
has been shown that menopausal women who are caregivers and receive HRT can have an 
increased chance for cardiovascular issues. As caregivers, it is implied that they have more acute 
stress in their lives and that acute stress along with the HRT is priming negative cardiovascular 
effects.  

Recent research done by the Million Women Study, funded by Cancer Research UK has proven 
that certain forms of HRT increase the risk of endometrial (womb) cancer. However, previous 
research has shown that the combined type of HRT poses a greater breast cancer risk than 
tibolone or oestrogen (estradiol)-only HRT and, because breast cancer is more common than 
endometrial cancer, the researchers believe that when considering the overall effect of HRT it is 
important to look at both breast and endometrial cancer.[9] However, this study was conducted 
using oral estradiol instead of transdermal estradiol which avoids the risks which the study 
highlights. Again, this shows that the combined estrogen patch (such as Evorel® Conti) or gel 
(ESTROGEL PROPAK™ - 17ß-estradiol and micronized progesterone) is the preferable 
treatment choice.  

The Society of Obstetricians and Gynaecologists of Canada recommends Transdermal Estrogen 
and Micronized Progesterone as a first line hormone therapy option stating that the overall 
benefits of this therapy include reduction of vasomotor symptoms (hot flashes), lower risk of 
osteoporotic fractures, lessening of urogenital atrophy, lowering somatic pain and arthralgia, 
lowering the risk of colorectal cancer and mood stabilization.  

There is a structural difference between hormone therapies that are bioidentical and those that are 
non-bioidentical, as non-bioidentical are responsible for side effects and health risks in humans. 
However, they can have positive health benefits for women, and bioidentical hormones can be 
customized from individual to individual. 

HRT has been shown to have other beneficial effects. In a study women taking estrogen through 
HRT, estrogen was shown to have positive effects on the prefrontal cortex by boosting the 
working memory. This suggests that estrogen may play a key role in certain frontal lobe 
functions in women.[11] Women using HRT after menopause has no additional weight gain 
compared to women who do not use HRT. Also women who use HRT with an estrogen 
component show positive effects in their sex life (mainly increasing their libido and sexual 
sensitivity) but the effects are inconsistent across women. These sexual improvements may 
dissipate after receiving some forms of HRT for extended periods of time. 
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Female infertility is most often treated by one or more of the following methods: 

 Taking hormones to address a hormone imbalance, endometriosis, or a short menstrual cycle. 

 Taking medications to stimulate ovulation. 

 Using supplements to enhance fertility – shop supplements. 

 Taking antibiotics to remove an infection. 

Female Infertility: Causes, Treatment And Prevention 

What causes female infertility? 

The most common causes of female infertility include problems with ovulation, damage 
to fallopian tubes or uterus, or problems with the cervix. Age can contribute to 
infertility because as a woman ages, her fertility naturally tends to decrease. 

Ovulation problems may be caused by one or more of the following: 

 A hormone imbalance 
 A tumor or cyst 
 Eating disorders such as anorexia or bulimia 
 Alcohol or drug use 
 Thyroid gland problems 
 Excess weight 
 Stress 
 Intense exercise that causes a significant loss of body fat 
 Extremely brief menstrual cycles 

Damage to the fallopian tubes or uterus can be caused by one or more of the 
following: 

 Pelvic inflammatory disease 
 A previous infection 
 Polyps in the uterus 
 Endometriosis or fibroids 
 Scar tissue or adhesions 
 Chronic medical illness 
 A previous ectopic (tubal) pregnancy 
 A birth defect 
 DES syndrome (The medication DES, given to women to prevent miscarriage or 

premature birth can result in fertility problems for their children.) 

Abnormal cervical mucus can also cause infertility. Abnormal cervical mucus can 
prevent the sperm from reaching the egg or make it more difficult for the sperm to 
penetrate the egg. 

How is female infertility diagnosed? 
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Potential female infertility is assessed as part of a thorough physical exam. The exam 
will include a medical history regarding potential factors that could contribute to 
infertility. 

Healthcare providers may use one or more of the following tests/exams to evaluate 
fertility: 

 A urine or blood test to check for infections or a hormone problem, including thyroid 
function 

 Pelvic exam and breast exam 
 A sample of cervical mucus and tissue to determine if ovulation is occurring 
 Laparoscope inserted into the abdomen to view the condition of organs and to look for 

blockage, adhesions or scar tissue. 
 HSG, which is an x-ray used in conjunction with a colored liquid inserted into the 

fallopian tubes making it easier for the technician to check for blockage. 
 Hysteroscopy uses a tiny telescope with a fiber light to look for uterine abnormalities. 
 Ultrasound to look at the uterus and ovaries. May be done vaginally or abdominally. 
 Sonohystogram combines an ultrasound and saline injected into the uterus to look for 

abnormalities or problems. 

Tracking your ovulation through fertility awareness will also help your healthcare 
provider assess your fertility status . 

How is female infertility treated? 

Female infertility is most often treated by one or more of the following methods: 

 Taking hormones to address a hormone imbalance, endometriosis, or a short menstrual 
cycle 

 Taking medications to stimulate ovulation 
 Using supplements to enhance fertility – shop supplements 
 Taking antibiotics to remove an infection 
 Having minor surgery to remove blockage or scar tissues from the fallopian tubes, uterus, 

or pelvic area. 

Can female infertility be prevented? 

There is usually nothing that can be done to prevent female infertility caused by genetic 
problems or illness. 

However, there are several things that women can do to decrease the possibility of 
infertility: 

 Take steps to prevent sexually transmitted diseases 
 Avoid illicit drugs 
 Avoid heavy or frequent alcohol use 
 Adopt good personal hygiene and health practices 
 Have annual check ups with your GYN once you are sexually active 
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When should I contact my healthcare provider? 

It is important to contact your healthcare provider if you experience any of the 
following symptoms: 

 Abnormal bleeding 
 Abdominal pain 
 Fever 
 Unusual discharge 
 Pain or discomfort during intercourse 
 Soreness or itching in the vaginal area 

Some couples want to explore more traditional or over the counter efforts before 
exploring infertility procedures. If you are trying to get pregnant and looking for 
resources to support your efforts, we invite you to check out the fertility product and 
resource guide provided by our corporate sponsor. Review resource guide here. 
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Assisted reproductive technology (ART) 

It is the technology used to achieve pregnancy in procedures such as fertility medication, in vitro 
fertilization and surrogacy. It is reproductive technology used primarily for infertility treatments, 
and is also known as fertility treatment. It mainly belongs to the field of reproductive 
endocrinology and infertility, and may also include intracytoplasmic sperm injection (ICSI) 
and cryopreservation. Some forms of ART are also used with regard to fertile couples for genetic 
reasons (preimplantation genetic diagnosis). ART is also used for couples who are discordant for 
certain communicable diseases; for example, HIV to reduce the risk of infection when a 
pregnancy is desired. 

Procedures 

General 

With ART, the process of sexual intercourse is bypassed and fertilization of the oocytes occurs in 
the laboratory environment (i.e., in vitro fertilization). 

In the US, the Centers for Disease Control and Prevention (CDC)—which is required as a result 
of the 1992 Fertility Clinic Success Rate and Certification Act to publish the annual ART 
success rates at U.S. fertility clinics—defines ART to include "all fertility treatments in which 
both eggs and sperm are handled. In general, ART procedures involve surgically removing eggs 
from a woman's ovaries, combining them with sperm in the laboratory, and returning them to the 
woman's body or donating them to another woman." According to CDC, "they do not include 
treatments in which only sperm are handled (i.e., intrauterine—or artificial—insemination) or 
procedures in which a woman takes medicine only to stimulate egg production without the 
intention of having eggs retrieved.”  

In Europe, ART also excludes artificial insemination and includes only procedures where 
oocytes are handled.  

The WHO also defines ART this way. 

Fertility medication 

Most fertility medications are agents that stimulate the development of follicles in the ovary. 
Examples are gonadotropins and gonadotropin releasing hormone. 

In vitro fertilization 

In vitro fertilization is the technique of letting fertilization of the male and 
female gametes (sperm and egg) occur outside the female body. 

Techniques usually used in in vitro fertilization include: 



Transvaginal ovum retrieval (OVR) is the process whereby a small needle is inserted through 
the back of the vagina and guided via ultrasound into the ovarian follicles to collect the fluid that 
contains the eggs. 

Embryo transfer is the step in the process whereby one or several embryos are placed into the 
uterus of the female with the intent to establish a pregnancy. 

Less commonly used techniques in in vitro fertilization are: 

Assisted zona hatching (AZH) is performed shortly before the embryo is transferred to the 
uterus. A small opening is made in the outer layer surrounding the egg in order to help the 
embryo hatch out and aid in the implantation process of the growing embryo. 

Intracytoplasmic sperm injection (ICSI) is beneficial in the case of male factor infertility 
where sperm counts are very low or failed fertilization occurred with previous IVF attempt(s). 
The ICSI procedure involves a single sperm carefully injected into the center of an egg using a 
microneedle. With ICSI, only one sperm per egg is needed. Without ICSI, you need between 
50,000 and 100,000. This method is also sometimes employed when donor sperm is used. 

Autologous endometrial coculture is a possible treatment for patients who have failed previous 
IVF attempts or who have poor embryo quality. The patient's fertilized eggs are placed on top of 
a layer of cells from the patient's own uterine lining, creating a more natural environment for 
embryo development. 

Zygote intrafallopian transfer (ZIFT), egg cells are removed from the woman's ovaries and 
fertilized in the laboratory; the resulting zygote is then placed into the fallopian tube. 

Cytoplasmic transfer is the technique in which the contents of a fertile egg from a donor are 
injected into the infertile egg of the patient along with the sperm. 

Egg donors are resources for women with no eggs due to surgery, chemotherapy, or genetic 
causes; or with poor egg quality, previously unsuccessful IVF cycles or advanced maternal age. 
In the egg donor process, eggs are retrieved from a donor's ovaries, fertilized in the laboratory 
with the sperm from the recipient's partner, and the resulting healthy embryos are returned to the 
recipient's uterus. 

Sperm donation may provide the source for the sperm used in IVF procedures where the male 
partner produces no sperm or has an inheritable disease, or where the woman being treated has 
no male partner. 

Preimplantation genetic diagnosis (PGD) involves the use of genetic screening mechanisms 
such as fluorescent in-situ hybridization (FISH) or comparative genomic hybridization (CGH) to 
help identify genetically abnormal embryos and improve healthy outcomes. 

Embryo splitting can be used for twinning to increase the number of available embryos. 

Other assisted reproduction techniques include: 



In gamete intrafallopian transfer (GIFT) a mixture of sperm and eggs is placed directly into a 
woman's fallopian tubes using laparoscopy following a transvaginal ovum retrieval. 

Sex selection is the attempt to control the sex of offspring to achieve a desired sex. It can be 
accomplished in several ways, both pre- and post-implantation of an embryo, as well as at birth. 
Pre-implantation techniques include PGD, but also sperm sorting. 

Reproductive surgery, treating e.g. fallopian tube obstruction and vas deferens obstruction, or 
reversing a vasectomy by a reverse vasectomy. 

In surgical sperm retrieval (SSR) the reproductive urologist obtains sperm from the vas 
deferens, epididymis or directly from the testis in a short outpatient procedure. 

By cryopreservation, eggs, sperm and reproductive tissue can be preserved for later IVF. 

Risks 

The majority of IVF-conceived infants do not have birth defects. However, some studies have 
suggested that assisted reproductive technology is associated with an increased risk of birth 
defects. Artificial reproductive technology is becoming more available. Early studies suggest that 
there could be an increased risk for medical complications with both the mother and baby. Some 
of these include low birth weight, placental insufficiency, chromosomal disorders, preterm 
deliveries, gestational diabetes, and pre-eclampsia(Aiken and Brockelsby).  

In the largest U.S. study, which used data from a statewide registry of birth defects, 6.2% of IVF-
conceived children had major defects, as compared with 4.4% of naturally conceived children 
matched for maternal age and other factors (odds ratio, 1.3; 95% confidence interval, 1.00 to 
1.67). ART carries with it a risk for heterotopic pregnancy(simultaneous intrauterine and 
extrauterine pregnancy). The main risks are: 

Genetic disorders 

Low birth weightIn IVF and ICSI, a risk factor is the decreased expression of proteins in energy 
metabolism; Ferritin light chain and ATP5A1.  

Preterm birth. Low birth weight and preterm birth are strongly associated with many health 
problems, such as visual impairment and cerebral palsy, and children born after IVF are roughly 
twice as likely to have cerebral palsy.  

Other risk factors are: 

Membrane damage, which may be reflected by increased expression of the membrane fusion 
proteins NAPA and Annexin A3.  

Sperm donation is an exception, with a birth defect rate of almost a fifth compared to the general 
population. It may be explained by that sperm banks accept only people with high sperm count. 



Current data indicate little or no increased risk for postpartum depression among women who use 
ART.  

Usage of assisted reproductive technology including ovarian stimulation and in vitro 
fertilization have been associated with an increased overall risk of childhood cancer in the 
offspring, which may be caused by the same original disease or condition that caused the 
infertility or subfertility in the mother or father.  

That said, In a landmark paper by Jacques Balayla et al. it was determined that infants born after 
ART have similar neurodevelopment than infants born after natural conception.  

Usage 

Assisted reproductive technology procedures performed in the U.S. has more than doubled over 
the last 10 years, with 140,000 procedures in 2006, resulting in 55,000 births.  

In case of discontinuation of fertility treatment, the most common reasons have been estimated to 
be: postponement of treatment (39%), physical and psychological burden (19%, psychological 
burden 14%, physical burden 6.32%), relational and personal problems (17%, personal reasons 
9%, relational problems 9%), treatment rejection (13%) and organizational (12%) and clinic 
(8%) problems.  
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