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  CONCEIVING THE INCONCEIVABLE




  For most of human history, women have been given little credit when it comes to childbearing.




  Sounds strange, I know. Women clearly carry babies and give birth to them, but you could argue, as many have through recorded history, that the female of the species merely serves as a

  ‘vessel’ – a kind of living incubator. This sort of thinking was by no means the preserve of the uneducated; the very reason it persisted as long as it did in mainstream cultures

  and medical practice was because it was ‘tested’, endorsed by the great scholars and shapers of medicine, from Plato through to Leonardo da Vinci. Plato appears to have made the claim

  that only men are complete human beings. Aristotle believed that men had the ability to generate a full human being, and that women were reproductively defective. Some four hundred years later, the

  physician Galen asserted that the female is imperfect compared with the male. Even when da Vinci made the first accurate drawings of a foetus in utero – sketching in

  chalk a single womb rather than multiple chambers, which were believed to give rise to twins – he still compared the growing embryo to the seed of a plant.




  Such prejudices were handed down, generation after generation. Take, for example, Thomas Bartholin, a pioneering Danish scientist from an esteemed family of anatomists and medical scholars.

  Bartholin lived in the seventeenth century and discovered the lymphatic system – a finding that would have required a keen eye and the proficiency to carry out a detailed investigation of

  human anatomy. Yet, when it came to women and pregnancy, he also documented accounts of the birth of ‘monstrosities’ – such as the woman who delivered a rat, or another whose

  child had the head of a cat, because a cat had frightened her when she was pregnant. The idea that what a woman saw and felt, or that specific shocks or scares during pregnancy, would lead to

  specific defects in her baby was widespread. Being frightened by a mouse, for example, might lead to the baby having a mouse-shaped birthmark – or worse. Today, we would laugh at ideas like

  this, or dismiss them as urban legend. Why would a great scientist, an empirical type, treat any of these things as conceivable?




  But then, many outdated ideas about sex and reproduction still persist in many places around the world. These beliefs at times prevent a woman from claiming full biological ownership of her

  child, though she is still culpable for any reproductive shortcomings (such as giving birth to a baby with defects; experiencing recurrent pregnancy loss; failing to get pregnant). Even in our

  genetic age, there are women who are blamed (and who blame themselves) for giving birth to girls instead of boys. On the other hand, while the scientific evidence is still mounting, it appears to

  be true that a mother who, for instance, suffers stress during pregnancy will leave a lifelong mark on her child. And while we all know that the sperm determines whether a

  child is a boy (XY) or a girl (XX), new research shows that a woman’s immune system screens sperm after they have entered her body, and some women’s bodies are more likely to discard

  Y-carrying, boy-making sperm. Many of these ideas, based in fact or fiction, are descendants of the cultural vocabulary of ancient Greece and the Renaissance. Despite the reality of test-tube

  babies and sperm banks, it seems we haven’t moved much beyond Bartholin’s theory of a rat-child or blame being placed at a mother’s feet.




  Far stranger, however, is another long-lived belief: the concept of a virgin birth. From the fertilization-by-feather of the Aztec Coatlicue to Isis’s recipe for resurrecting her dead

  husband Osiris’s phallus, to the Blessed Virgin Mary, there appears to be no culture that does not embrace some legend of a woman giving birth without mortal man. You could imagine that

  because, in the view of classical thinkers, women were viewed as crude vessels for reproduction, a repository for the vital semen of man, that they could just as easily have their bodies

  appropriated by their gods (who, of course, are generally male). But the myths extend to active agents that are not all divine. Human virgin births have been said to be caused by such things as

  sunlight and eating magical fish. These examples illustrate just how compelling was the notion of impregnation without sex, in part because there was so little real understanding, for so long, of

  how babies are actually made.




  We now know that a mother makes an essential contribution of genetic information to her child, as well as providing a protected environment and the physical building blocks for the

  embryo’s developing body. Biologically and genetically, women clearly are not mere vessels, nor are they redundant. Still, even when confronted by the double helix of DNA, the combination of

  the sex chromosomes X and Y, and genetic variants and mutations, the belief in the possibility of virgin birth has proved surprisingly enduring. It has ranged from the

  technology-fuelled optimism of the post-war boom, when doctors hunted for a virgin mother via the tabloids; to the absurd insurance policy, offered in the past decade, that would cover the cost of

  bringing up a child should you experience a virgin birth.




  The simple truth, for humans at least, is that neither women nor men are currently redundant when it comes to making babies. Though the females of many animal species have the option of

  reproducing quite on their own, for us, a mutual need was established in our distant evolutionary past, and once that treaty was written in DNA, it could never be broken. Never, that is, until

  now.




  In the future, technology might vindicate a few of the ancient, seemingly absurd concepts – at least in some respects. It might someday be possible to create a child from one parent alone.

  Ironically, because of the way men and women’s chromosomes are arranged, the virgin parent will more likely be a man. Geneticists are cracking the codes that block our eggs from becoming

  embryos without sperm; stem cell scientists are creating eggs and sperm from bone marrow; artificial wombs are being built; artificial chromosomes are being constructed. And it seems not a minute

  too soon. Both male and female infertility is on the rise, and some scientists are warning that the Y chromosome, the very thing that makes men both fertile and male, is slowly but surely dying; it

  now has only around forty-five genes of the 1400-odd genes with which it began the human species. If the Y chromosome’s genetic information essentially disintegrates, what solution could

  technology offer to sustain, well, us?




  This is more than a question of futuristic science. The gender roles assigned to us by the fact of sex have, over the centuries, been used to oppress women and justify anti-homosexual

  prejudices. If we can make babies without sex, the family structures that we’ve come to view as traditional may well change beyond recognition. All of these attitudes

  will need to be reconfigured to fit our new lives ‘after sex’.




  In this way, the ancient myths of a virgin birth may prove to be the prehistory of our species’ future. As Miss Miniver exclaims in H. G. Wells’s feminist novel, Ann Veronica:

  ‘Science some day may teach us a way to do without [men]. It is only the women matter. It is not every sort of creature needs – these males. Some have no males.’ To which Ann

  Veronica replies, with some hesitation, ‘There’s green-fly.’




  I began to wonder about these paradoxes, ironies, misnomers, interpretations, and reinterpretations of the reproductive role of women. Are the ideas of the ancients all myth, and all those of

  modern biology fact? What does the future hold in store? What will we face if we start making babies like a virgin? Will we ever be able to return to sex, and do we even have the choice?
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  THE MYTH OF THE NATURAL BIRTH




  

    Sit down before fact as a little child,


    be prepared to give up


    every preconceived notion




    

      Thomas Henry Huxley
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  PLANTING THE SEED




  

    

      We must first establish ‘how’ in order to know whether or not we should be asking ‘why’ at all...




      Stephen Jay Gould, Natural History, 1987


    


  




  On 28 October 1533, the fourteen-year-old Catherine de Medici married the fourteen-year-old Henry, the Duke of Orléans. Catherine brought a substantial chunk of the

  Medici family fortune to France as her dowry, but as soon as it became clear that her husband would rise to become King Henry II, her true value was seen to be in her womb, in which she would

  produce the nation’s heirs.




  Over the following ten years, however, Catherine failed to become pregnant. This was not for want of trying. A dispatch to the Milanese government reported that her father-in-law, Francis I, had

  made a point of watching the royal couple in their bed to make sure the union was consummated – and was pleased to observe that each ‘jousted valiantly’. As attempt after attempt

  failed, rumours of an imminent divorce spread through the court. Catherine promptly surrounded herself with doctors, diviners, and magicians. She refused to travel by mule, believing that the infertile beast would transmit its sterility to anyone who rode one. She consulted tarot cards, charms, and alchemy. She drank the urine of pregnant animals; ate the powdered

  testicles of boars, stags, and cats; dutifully swallowed cocktails of mare’s milk, rabbit’s blood, and sheep’s urine. Catherine’s sterility was torture to her.




  But the young queen was not alone. Henry’s lifelong mistress, Diane de Poitiers, never bore him a child, even though she was already a mother of two. Though she remained an exceptional

  beauty throughout her life, Diane was nineteen years Henry’s senior, well past peak fertility at the time their love affair began. She knew Henry better than anyone, even Catherine, who was

  atrociously envious of the king’s mistress. Diane’s advice was that Henry and Catherine should make love à levrette, in the style of a greyhound bitch. She likely

  suspected that Catherine was perfectly capable of getting pregnant, and her advice was not unfounded: she knew that Henry’s genitalia were misshapen, from a condition known to doctors as

  hypospadias, in which the urethra develops abnormally. But then, Diane was not the only person to know of Henry’s affliction. As one seventeenth-century biographer put it:




  

    

      

        It is sufficient to say that the cause [of infertility] was solely in Henri II… nothing is commoner in surgical experience than such a malformation as the

        prince’s, which gave rise to a jest of the ladies of the court.


      


    


  




  The odd position of the opening of Henry’s urethra appears to have twisted his penis into a downward curve. Chances are that he simply couldn’t get the royal semen to where it needed

  to be. Yet, Catherine got the blame.
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  Throughout human history, our understanding of how babies are made has been draped in layers of myth and assumptions, many quite heavily stained by the politics of gender. Human

  dissection was taboo for most of recorded history, and effective microscopes would not be fabricated until the seventeenth century. For millennia, it was not easy to figure out what was really

  going on inside a pregnant woman’s body, which made it much easier to assume that what was happening there was either miraculous or meaningless.




  Fertility appears to have been among the earliest concerns of the earliest humans. In Bronze Age societies, these reproductive affairs were viewed simply: by some form of magic, a woman grew

  large, and out of her body came a child. It was women, not men, who were worshipped as the givers of life; women who were placed on a pedestal for their seemingly miraculous powers. Some of the

  very earliest objects of worship found by archaeologists working around the Mediterranean are wide-hipped, corpulent-bellied, ample-breasted figures: unmistakably female. In some cases, these

  figures appear to have once held opium-rich poppy heads – an invaluable panacea, often used to ease the excruciating pains of childbirth. One such statue, carved from mammoth ivory, has been

  dubbed the Venus of Hohle Fels; discovered in 2008, it is thirty-five thousand years old, the oldest known figurine representing any human form. These early artworks, and the Venus of Hohle Fels in

  particular, emphasize our external sexual organs, that is, how sex works, superficially.




  The next great breakthroughs in exploring the mechanics of sex are found housed in the archives of Tehran University. There, the catalogue lists one of the few remaining manuscripts of the Kitab al-Hayawan, or Book of Animals, by the ninth-century Muslim scholar al-Jahiz – a document too delicate for any but the most circumspect of scholars to

  handle. In this great work describing hundreds of animal species, al-Jahiz included a volume, then only recently translated into Arabic, entitled On the Generation of Animals by the

  philosopher Aristotle. Aristotle’s tract had been salvaged from near oblivion by the physician Thabit ibn Qurra, who wrote widely on medicine, astronomy, and mathematics. Al-Jahiz and Thabit

  were part of a group of medieval Islamic thinkers who, through the darkest ages of European science, preserved, utilized, and developed the medical ideas that had been elaborated centuries earlier

  by the Greek masters – Hippocrates, Plato, Aristotle, and Galen. Thus, when in the sixteenth and seventeenth centuries Western Europe emerged into the Renaissance, the biological concepts

  they resurrected belonged squarely in the third century BCE – including the belief that reproduction was predominantly a male affair.




  This idea was not a completely new one, even in the third century. The Egyptians and the Indians as far back as the fourteenth century BCE described a man’s

  contribution as the seed sown in the fertile ground of a woman’s body. The great Greek dramatist Aeschylus, in his tragedy The Eumenides from 485 BCE, defines a

  parent as ‘he who plants the seed. The mother is not the parent of that which is called her child but only nurtures the new planted seed that grows.’ Even following that line of

  thought, men and women should have held the same reproductive value, because women were, in theory, still required. But a parent was the person who planted the seed, which meant a woman could only

  play the role of nurse.




  Aristotle was the son of a doctor, so he may have been familiar with these common conceptions long before he attended Plato’s Academy in Athens to study philosophy and science. Around

  the time of his teacher’s death, in 347 BCE, Aristotle moved to Assos, in Turkey, to set up his own school, and then moved on to the neighbouring

  island of Lesbos, where he became tutor to the son of King Philip II of Macedon, later Alexander the Great. Inspired by Aristotle’s teachings, Alexander was inclined towards medicine, but he

  eventually preferred conquering the world. Once his teaching assignment was fulfilled, the master returned to Athens and sat down to complete his book on the animals. In it, he covered a massive

  amount of ground, including the origin of sperm, the causes of pregnancy and infertility, and the purposes of menstruation and lactation.




  From the outset it was clear to Aristotle that semen was the male contribution to making a baby. In trying to pinpoint the female equivalent, he landed on menstrual blood. In Aristotle’s

  well-honed reasoning, both ejaculation and menstruation appeared during adolescence. He also observed, perhaps from home experiments, that after repeated ejaculation semen became bloody; thus, like

  a woman’s monthly period, semen, too, must be made out of blood. As far as Aristotle was concerned, each animal could only have one kind of bodily fluid from which to make babies. Because the

  female had bleeding, she could not have semen – or something else that contributed to the creation of children.




  However it was that Aristotle conducted his research, he was aware that a woman didn’t just bleed; she could at times also release a clear fluid during sex. He resisted the idea that this

  fluid might contribute to reproduction in the way that semen did, since the part of the woman that experienced pleasure from sexual contact was not the part from which this fluid was released. In

  any case, if a woman had her own semen, then she really should be able to make babies without a man, a hypothesis for which he had no evidence – at least not in humans.




  He suspected some female animals could have babies without males, and noticed some animals had no males or females, that is, no sexes at all. But Aristotle may have worked

  out this theory by observing animals in which it is extremely difficult to tell the males and females apart, just by eye. For instance, some vultures, where the males and females have identically

  coloured feathers so that the sexes appear exactly the same, as opposed, say, to peacocks and peahens, where the sex is very evident.




  While living on Lesbos, Aristotle had made sure to include hyenas in his animal studies. His great interest in the animal had been piqued by the rumour that ‘every hyena is furnished with

  the organ both of the male and the female’ – that they were hermaphrodites. Today, the reason for the rumour is plain: the female hyena has a clitoris so grossly enlarged that it looks,

  to the casual observer, much like a penis, especially when the clitoris is fully erect, when it can protrude to seven inches. Spotted hyenas are, in fact, the only female mammals that urinate,

  mate, and give birth through the tip of a clitoris. (Keep in mind that the hyenas give birth to infants that weigh between 1 and 1.5 kilograms – and sometimes to two infants at once.) The

  female hyena lacks an external vagina; in place of the labia majora, the fleshy folds that normally flank the vagina, it has a fused sac of skin, something like a scrotum. If you were to look

  inside the female’s ‘penis’, however, you would find a urinary and genital system far more typical of any other female mammal.




  Aristotle studied his hyenas carefully. His were not the spotted variety, but striped, as were found throughout the Mediterranean region of his day. And like their spotted cousins, male and

  female striped hyenas look remarkably similar. Both have manes that are erected when the animal is threatened – manes so large that Aristotle described them as running ‘all along the

  spine’. The females had the same enlarged, penis-like clitoris as the spotted hyena, and the males appeared to have a large opening near the anus, looking much like a vagina. When it came time to dissect the specimens of hyena that he had collected, Aristotle soon realized that the rumour that the animals were hermaphrodites was untrue. In addition to noting the

  differences between the clitoris in the female and the penis in the male, he identified the opening in the male’s anus as a sweat gland. By virtue of its position, this structure, he

  explained, could easily be confused with a vagina. Behind the opening, however, he did not observe any plumbing that might allow it to be used as a passage through which fertilization might

  happen.




  It was an obvious case, in Aristotle’s view, of mistaken identity, the external appearances hiding the significant differences in what was going on inside the animals’ bodies. And so

  these dissections reinforced in him the belief that the male and the female must play very different roles in reproduction. Why else would they have such very different reproductive organs? The

  more important question was: what exactly was the difference between the male and the female role in reproduction?




  One of the influential philosophies at the time was atomism, the idea that everything in the world is comprised of very small, indivisible, fundamental units – the intellectual

  birth of the atom. In terms of making babies, atomism was interpreted to mean that the male and female bodily fluids contained a miniature, perfectly formed version of the adult body of the

  respective sex, broken into parts, down to a pair of little arms and little legs, a compact torso, and a tiny head. When the male and female fluids mixed together during sex, these small parts

  simply assembled into a small body, which grew larger once it was sown in the fertile ground of a woman’s body – the foetus. Conveniently, atomism explained how a child could resemble

  both mother and father, which made the concept quite popular among classical thinkers.




  Aristotle did not agree with this atomistic view of the world. This was not, after all, what he saw happening in his experiments with birds. He had observed that hens would

  mate with more than one rooster. Yet, ‘even when the hen is trodden by two males the offspring does not have two such parts, one from each male’ – the only logical reproductive

  outcome, if you held to atomism. If the male bird supplied a miniature body part to each female with which it had sex, ‘the offspring should have had a double portion’, Aristotle

  argued, ‘but it does not’. When it came to chickens and other birds, this meant the ‘male supplies nothing material’. Likewise, of course, a woman who conceives after having

  sex with two men does not normally have a two-headed, four-limbed baby as a result. She isn’t even very likely to have two babies, unless she happened to have twins. These were facts of life

  that Aristotle could also observe.




  In On the Generation of Animals, Aristotle put forward an improvement in the reasoning for why there was a sexual division in reproduction, one that had nothing to do with the male and

  the female both providing the offspring’s parts. In his scientific opinion, there were always two sexes in a species, because the male contributes the form and the female contributes the

  matter, the physical stuff of which the child would be made, or sculpted from. Form was superior to material. The male semen dictated the shape of the child, like a chisel gives a statue its shape,

  without itself becoming part of the product – the master artist at work. Since fathers created not just sons in their own image but daughters, too, daughters must, Aristotle believed, arise

  when the father’s semen was weak. If the mother’s reproductive fluid – her menstrual blood, in the philosopher’s accounting – was also weak and could not be mastered

  by the semen, then you got neither a perfectly formed son nor a materially inferior daughter, but a monstrosity.
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  Aristotle’s hypothesis may have been flawed, but it is not surprising that he did not consider a more accurate version of the inner workings of the female form – one

  was not available. Though Aristotle discussed the uterus in his book, very little had been revealed about the female reproductive organs at the time he wrote On the Generation of

  Animals.




  The ovaries, referred to as ‘female testicles’, probably were discovered by an anatomist, Herophilos, who performed both animal and human dissections, some of them for public

  viewing, from his base in Alexandria, Egypt. But Herophilos was reportedly born in 335 BCE, just thirteen years before Aristotle’s death. Soranus, a physician from an

  area of what is now Turkey, appears to have dissected human subjects as part of his investigation into obstetrics and women’s diseases. He displayed a clear understanding of the various

  sections of the uterus, placenta, bladder, and vagina, which he described in great anatomical detail. Soranus’s dissections, however, were conducted in the second century BCE – also well after Aristotle’s time. For more than a millennium afterwards, little advance was made in understanding the true nature and function of these mysterious

  female parts, because in large part, human dissections were widely proscribed, which meant that cadavers were not openly available for this sort of poking and probing. Instead, physicians had to

  rely on the writings of Aelius Galen, the second-century Greek surgeon considered to be the most influential medical writer in all history.




  Galen was born in Pergamon, the great cultural centre of Asia Minor under Roman rule. He came from a family of wealth and education, and he followed suit, training in philosophy, mathematics,

  and natural sciences. He had probably been influenced by his father in his choice of a career in medicine. The story goes that the Greek god of healing, Asclepius himself,

  appeared to Galen’s father in a dream to offer vocational guidance intended for his son. After this god-given training as a physician, Galen visited Alexandria, where the doctors placed great

  emphasis on the study of anatomy. On his return home, he was appointed physician to the gladiatorial games. This gave him the dubious privilege of regularly confronting the horrendous injuries

  inflicted in the arena. As ghastly as the job may have been, operating on the wounds allowed him to gain first-hand experience of human anatomy. He supplemented his observations of battered

  gladiators with dissections of abandoned corpses.




  Galen lived some five hundred years after Aristotle, and medical knowledge had evolved. So he decided to develop his own theory of sex differences, based on his own work. In contrast to

  Aristotle’s belief that the sperm was simply the seed that laid out the final form of the foetus, Galen thought the foetus’s development was not just influenced but powered by the

  sperm, and that the female was actually a male in reverse. He was notably inspired by Herophilos, whose teachings were still popular in Alexandria and from whom he adopted the idea that a

  woman’s ovaries were essentially testes. But Galen went further, positing that the female genitalia are identical to those of the male, only turned inward. According to this

  ‘reversal’ theory, the uterus was an inverted scrotum. This of course did not explain the function of those female parts that males lack – for example, more developed breasts. And

  the uterus did not serve the same purpose as the scrotum, a fact of biology that would have been understood even in Galen’s day. But Galen was silent on these reproductive discrepancies.




  When compared with modern views of reproductive evolution, though, Galen’s reversal theory does not seem to have got everything wrong. For instance, in his essay ‘Male Nipples and

  Clitoral Ripples’, the renowned evolutionary biologist Stephen Jay Gould argued that the man’s body is not a basic structure from which a woman’s

  diverged:




  

    

      

        Males and females are not separate entities, shaped independently by natural selection. Both sexes are variants upon a single ground plan… Male mammals have nipples

        because females need them – and the embryonic pathway to their development builds precursors in all mammalian foetuses, enlarging the breasts later in females but leaving them small

        (and without evident function) in males.


      


    


  




  Likewise, Gould imagined that the clitoris and the penis were ‘one and the same organ’, their size determined by the relative balance of hormones, particularly testosterone, during

  foetal development. The same could be said of women’s labia majora and men’s scrotal sacs, though with these organs the presence of testosterone triggered a folding and fusing of the

  skin in the males. Gould took his argument a further step into controversy by stating that the clitoris was something like the appendix, an evolutionary artefact that no longer served a purpose.

  But on a more basic level, he supposed ‘the external differences between male and female develop gradually’, so much so that, ‘from an early embryo so generalized that its sex

  cannot be easily determined’.




  Since the early 1950s, when DNA was discovered to be the elusive matter that allows us to inherit traits from our parents, an incredible amount of scientific progress has been made. The complete

  genetic make-up, or genome, has now been mapped, or ‘sequenced’ in the jargon, for nearly two hundred organisms, including various kinds of bacteria and yeasts, honey bees, malarial

  mosquitoes, flies, worms, mice, rats, puffer fish, chickens, dogs, chimpanzees, and, of course, humans; our first draft of our genome was revealed in 2000, with the complete

  code cracked in 2003. This sequencing has provided a library of essential biological information. In addition, the various genome sequencing projects have determined that humans have around

  twenty-five thousand genes, divulged what some of these genes do, and confirmed chimpanzees as our closest kindred species.




  DNA tells our cells what to do and when to do it. You can think of it as the genetic equivalent of an instruction manual for flat-packed furniture. It gets read, and the information it gives is

  translated into building a new piece of kit. The section of DNA that when read translates into the production of a certain chemical is a gene. Most genes are translated into a series of amino

  acids, and amino acids are the building blocks of proteins. Proteins, in turn, are the main constituents of cells, which collect into tissues, which themselves collect into organs.




  Genes are made up of what are called nucleotides, which are molecules made up of sugars, phosphates, and chemical bases (referred to by the first letters, A, T, C, and G, of their chemical

  names). DNA is a long chain of these units of nucleotides, each built on one of the four bases. Geneticists refer to the chain by the sequence of individual bases of the nucleotides as they appear

  (for example, GATTACA, which is where the 1997 science-fiction film got its name). Not all sequences of letters ‘spell out’ genes; many just regulate genes, others seem to do nothing at

  all. Usually two chains of nucleotides wrap around each other – this is what gives DNA the double helix, or twisted ladder, look. These long strands of DNA double helices wind round in tight

  coils to form the chromosomes. Normal human cells have forty-six chromosomes, wound in two pairs of twenty-three.




  Unlike Gould, Galen did not have the benefit of witnessing the minutiae of how human embryos develop, let alone knowledge of hormones or of DNA and chromosomes. So though the reversal theory might sound something like modern biology, Galen married his theory to assumptions about an unequal division of labour in the work of reproduction, assumptions that

  reflect the prejudices of the day. For example, among the ancient Greeks, another of the great differentiators between men and women was temperature. Around the fifth century BCE, a doctrine of health had formulated based on the balance in the body of heat and cold, dryness and moistness. It was widely believed that illness would erupt if one of these

  qualities dominated over another. Galen, like Aristotle before him, thought that women inherently had a different balance of heat and cold than did men. He started with the principle that women

  were colder, a state that influenced their behaviour and contributed to an inferior physiology and limited reproductive power. He even compiled an ‘empirical’ work on bodily heat,

  called De Temperamentis. And it was empirical: he had drawn his conclusions from experiments in which he had touched a range of different people – the old, youths, children, and

  infants – in order to uncover who were more and who were less hot. Throughout his report, Galen used the word andres, meaning ‘men’, to describe the participants in his

  trials, rather than anthropoi, meaning ‘people’. That may be a distinction lost in translation, but it seems to indicate that the storied physician did not actually include any

  female subjects in an experiment from which he made the following judgements as to the nature of women:




  

    

      

        Within mankind the man is more perfect than the woman, and the reason for the perfection is his excess of heat, for heat is Nature’s primary instrument. Hence in

        those animals that have less of it, her workmanship is necessarily more imperfect, and so it is no wonder that the female is less perfect than the male by as much as she is colder than

        he.


      


    


  




  Though Galen did most certainly ponder, investigate, and experiment, there is no suggestion in any of his written accounts that his trials were ever conducted using women

  at all.




  To Galen, the female of the species was not just inverted, she was incomplete, a view not substantially different from Aristotle’s ‘materially inferior’ daughter. Consider

  Galen’s analysis of the ‘female testes’. As incomplete male testes, the ovaries should be expected to produce semen. But this ‘female semen’ would not be as pure, or

  as hot, as the male’s, according to Galen. The ovaries, therefore, performed a function equivalent to the testes, but not as well. And he went ‘one up’ on Aristotle when he chose

  to refer to women as arrostos, a term most often used to mean a state of disease or morbid weakness. Unfinished, inverted, and in a state of morbid weakness – that’s what women

  were made of.




  The question was, if it was male semen that made babies, what did it contain that could hold such great life-granting power?
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  At the time that Catherine de Medici was struggling to become pregnant, in the 1530s, most physicians still clung to such classical ideas of reproduction, by then more than two

  millennia old. And assumptions about the incredible potency of sperm animated the plans of the scientist later known as Paracelsus, who was studying medicine near Catherine’s home city of

  Florence around the time of her birth.




  Philippus Bombastus von Hohenheim – who styled himself as ‘greater’ than the Roman physician Celsus – spent much of his life formulating a recipe for the creation of

  human life. His recipe involved hermetically sealing a man’s semen in a glass tube, burying the tube in horse manure for forty days, removing it, and then magnetizing

  it. Paracelsus believed that the entombed semen would begin to live and move, until it assembled into a miniature yet transparent human form, a homunculus, akin to the atomistic foetus

  imagined centuries earlier by the Greeks. After being unearthed, the homunculus was to be fed daily with arcanum sanguinis hominis – human blood – and constantly kept at the

  temperature of a mare’s womb for a further forty weeks. From this protocol would emerge a human child, as normal as any child born of a woman, except perhaps a bit smaller.




  In his own right, Paracelsus was a brilliant scientist, who made substantial and prescient contributions to the practice of medicine. Still, even in the sixteenth century, growing a baby in a

  bottle was mad-cap. So why did he think it plausible? By this time, many other notable scientists – from Galen of Pergamum to Leonardo da Vinci – had performed vivid experiments,

  including human dissections, to expose human anatomy. But many of Paracelsus’s generation still found it incredibly difficult to cut the cord connecting their thinking to those of their

  forebears from the great intellectual centres of Greece. Though Paracelsus opposed many of the doctrines of the ancients, he espoused a definition of parenthood that would not be out of place in

  Aeschylus or Aristotle:




  

    

      

        The whole of the man’s body is potentially contained in the semen, and the whole of the body of the mother is the soil in which the future man is made to

        ripen… [Woman] nourishes, develops and matures the seed without furnishing any seed herself. Man, although born of woman, is never derived from woman, but always from man.


      


    


  




  Thus, horse manure stands in for the ‘soil’ of the womb, and a child is born.




  Further, if a man’s semen was believed to contain everything needed to create a mini-human, then any failure to become pregnant must be due to a fault in the

  incubation system – the woman or the horse manure, as the case may be. While Catherine de Medici applied scores of vile potions and lotions to her body in hopes of fertilizing the ground,

  Henry simply vouched for his virility by claiming that he had made another woman pregnant while away on one of his campaigns. To prove it, he went so far as to claim as a legitimate heir the baby

  girl of a woman who, according to some accounts, he had once raped (or at any rate, he had sex with on only one occasion). Catherine might as well have been born in ancient Greece, when women were

  not believed to be necessary for the production of children at all. Henry’s omnipotent semen should have been more than enough. (She and Henry finally succeeded in their efforts a decade

  later, and went on to have ten children.)
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  At the end of the sixteenth century scientists brought new tools to the question of the source of semen’s power. In 1590, an early microscope was crafted by eyeglass

  makers in the Netherlands; within thirty-five years, Galileo Galilei had built his compound microscope, which he called his ‘little eye’. Then, in 1670s Delft, a Dutch cloth merchant

  and surveyor named Antonie Leeuwenhoek turned his hand to lens grinding. Leeuwenhoek handcrafted around three hundred lenses, improving the technology from the poorer models that were available,

  though at first sight his efforts are barely recognizable today as microscopes. Crafted in brass or silver, he made them in a variety of tiny shapes; some looked like the flat end of an oar, others

  like an elegant handheld fan, a few like a toilet plunger. Leeuwenhoek was more than a tinkerer, though, and used his microscopes to make a number of discoveries: of

  single-celled organisms, now called protists, in 1674, and of bacteria, two years later. He was also perhaps the first person to use these novel instruments to observe semen up close.




  At first, it seems he was less than keen about putting semen under his microscope, or studying anything to do with sex, for that matter. This changed in 1677, when Johan Ham, a medical student,

  called on Leeuwenhoek at his home and presented him with a sample of semen that had been extracted from a patient with gonorrhoea. Ham thought he had seen small animals with tails writhing around

  in the fluid, and wanted confirmation. The claim captured Leeuwenhoek’s interest. He began observing his own semen – acquired, he stressed, ‘not by sinfully defiling’, but

  from natural conjugal coitus. Through his crude microscopes he confirmed that there were ‘a multitude of animalcules, less than a millionth the size of a coarse grain of sand and with thin,

  undulating transparent tails’. Since he had been studying his own semen, the animals were unlikely to have been parasites or linked to gonorrhoea – in Leeuwenhoek’s scientific

  opinion.




  Nevertheless, based on his reports, the tiny, tadpole-like creatures came to be known as ‘spermatic worms’, from sperma, Greek for ‘seed’. In 1700, they were

  included in a book on human parasitology, An Account of the Breeding of Worms in Human Bodies, by Nicolas Andry, an influential proponent of the idea that life was generated only by sperm.

  In 1820, when the modern name spermatozoa – adding the Greek zoa for ‘living being’ – was coined, sperm were still considered to be a sort of parasite. (Around

  that time, Richard Owen, Charles Darwin’s contemporary and bête noire, even classified sperm into the group of parasitic worms called Entozoa.) It is understandable that what appeared

  to be a moving, living being should have been taken to be a symbiotic animal that infected the life-infused semen of males, but not the reproductive fluids of females.




  Having seen sperm first-hand, and being unable to detect the presence of anything similar in women, Leeuwenhoek himself began to suspect that the female ovaries were ‘useless

  ornaments’. He noted that male rabbits that were grey only ever produced other grey rabbits – evidence that semen provided the sole contribution to the creation of offspring. He

  considered it ‘proof enabling me to maintain that the foetus proceeds only from the male… and that the female only serves to feed and develop it’. Leeuwenhoek further claimed

  that his semen sported complex anatomical structures – nerves, arteries, veins – though no one else was able to observe them. He made a point of emphasizing these features in his

  drawings, noting that in semen ‘there may be as many parts as in the human body itself’.




  In 1694, the Dutch mathematician and physicist Niklaas Hartsoeker built on Leeuwenhoek’s work to describe what the preformed animalcules looked like. Hartsoeker, who worked with rooster

  sperm, claimed that it was he who in fact had first discovered the animalcules in sperm, not Leeuwenhoek. In any case, it was Hartsoeker who first made the animalcules tangible to those who had not

  seen them with their own eyes. In his Essai de dioptrique, on optical instruments, he published a drawing of the homunculi, or little people, who inhabited each sperm. Hartsoeker

  described the egg as ‘no more than what is called the placenta’, once again defining the female’s function as nothing more than nurturing a foetus that had been formed from semen,

  now sperm, alone. But then, Hartsoeker hadn’t actually seen the animalcules with his own eyes; he had simply imagined that they might look like tiny, perfectly formed children, complete in

  every detail. As the head of one sperm, he drew a child curled up in a foetal position; in the other two sperm, the heads are children sprawled out, seemingly asleep or in a state of suspended

  animation. Each sperm’s tail dangles from the children’s pates like a Victorian man’s nightcap. In his musings, Hartsoeker went on to suppose, correctly, that a foetus growing in

  a womb would require the means for becoming physically attached, in some way, to its mother. This, he proposed, was the purpose of the tail of the sperm, which would subsequently develop into the

  umbilical cord.




  Hartsoeker’s drawings represented no more than fantastical speculation, but five years later, in 1699, a French aristocrat and astronomer named François de Plantades reported that

  he had seen exactly what Hartsoeker had predicted. Peering through his microscope, Plantades said he had spotted miniature human forms, tucked inside the heads of each sperm. Perhaps for reasons of

  professional etiquette (he served as secretary of the Montpellier Academy of Sciences), he published his findings under the pseudonym of Dalenpatius, with his paper appearing simultaneously in

  London, Edinburgh, and Amsterdam. Dalenpatius’s claim, however, was nothing more than a hoax, an attempt by Plantades to ridicule those who believed in preformed, make-your-own humans and

  microscopic animalcules. If his goal was to bring the whole field into disrepute, he was grossly unsuccessful. The existence of strange and mysterious creatures in sperm gained new credibility, and

  the little sperm people became entrenched in popular belief for the next one hundred years.




  In this way, even though scientists now had the tools to investigate the body and no longer had to rely on intuition, many swore they saw things that simply did not exist – and would point

  to the microscope as their proof. And so reproductive science continued to remain faithful to the ideas promulgated by Aristotle and Galen.




  These ideas were repeated in the widely circulated Aristotle’s Masterpiece, a compendium of medieval medicine and folklore thought to have been written around

  1680. (It is also known as The Works of Aristotle, though it was certainly not penned by the philosopher.) Aristotle’s Masterpiece includes some excerpts from his work, as well

  as of the writings of Galen and the tenth-century Islamic physician Ibn Sina, who himself wrote a commentary on Aristotle’s findings. The book includes descriptions of midwifery, female

  reproductive organs, and all things related to sex and embryos. Because of its sexual content, it was considered pornographic, so much so that it was banned – and remained banned in the

  United Kingdom until 1960. In the United States, however, Aristotle’s Masterpiece was more accepted. Until the middle of the nineteenth century, it was the most commonly read medical

  text – despite the arrival of the new microscopes, dissection tables, and complex experimentation, which completely contradicted the book’s depictions of the workings of

  reproduction.
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  For nearly two millennia, sperm reigned supreme. Then, it was discovered that mammals also had eggs.




  The year was 1827, and a German scientist, Karl Ernst von Baer, was investigating the reproductive tract of a bitch. It had of course long been obvious that birds and reptiles had eggs; these

  were in plain sight. By the seventeenth century, it was suspected that mammals might have them, too, although no one had been able to find one. Leeuwenhoek had searched for a mammalian egg with his

  increasingly sophisticated microscopes, but he had thrown off the hunt as a lost cause. Using a better microscope, however, von Baer had been able to distinguish a yellowish-white, point-like

  object within some structures, called follicles, that he had taken from a dog’s ovaries.




  Von Baer was curious, so he sliced open a follicle, used the tip of his knife to remove the pin-prick object, and placed it under his microscope. ‘It is truly wonderful and surprising to

  be able to demonstrate to the eye, by so simple a procedure, a thing that has been sought so persistently and discussed ad nauseum in every textbook of physiology as insoluble’, he later

  wrote of his momentous discovery. He was ‘utterly astonished’ to see the egg with his own eyes ‘and so clearly that a blind man could hardly deny it’. But blind men there

  had been aplenty – including Leeuwenhoek.




  To Leeuwenhoek, eggs existed so that the preformed embryos in sperm could be implanted in them. His stubbornness is all the more surprising when you consider that in addition to the discovery of

  sperm, the Dutchman is credited with the discovery of parthenogenesis, the development of the egg into a new individual being without fertilization by sperm. If you weren’t too sure that eggs

  existed, as Leeuwenhoek said he wasn’t, you might say that this process amounts to a female bearing offspring with no lasting input from a male – the equivalent of a virgin birth. And

  Leeuwenhoek was the first scientist to notice that female aphids had virgin births all the time.




  An avid gardener, in the summer of 1695 he became somewhat concerned that the leaves of his gooseberry, cherry, and peach trees were damaged. At first he thought the mutilations were the work of

  ravenous ants, but on closer inspection, he spied aphids. Leeuwenhoek did with the aphids what he did best: he pulled out a microscope and, as had become his custom, he searched for the eggs of

  this new species. He found none. He then dissected what he guessed were the females. He found no eggs in them either. But he did find miniature, preformed aphids. The first specimen he dissected

  contained four young, and he removed as many as sixty from another.
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