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for Jeff and Faith






Preface


Every woman who becomes pregnant brings to the experience her various identities. I am an ecologist, which means I spend a lot of time thinking about how living things interact with the environments they inhabit. When I became pregnant at age thirty-eight, I realized, with amazement, that I myself had become a habitat. My womb was an inland ocean with a population of one.

So I turned my scientist’s eye inward and began to study in earnest the biological drama of new life being knit from the molecules of air, food, and water flowing into a woman’s body from the outside environment. I looked also at the environmental threats to the bodies of pregnant and breastfeeding mothers. How do toxic chemicals cross the tough sponge of the placenta? How do they find their way into amniotic fluid? How do they enter the milk-making globes in the back of the breast? What are the effects for the child of these earliest encounters with synthetic chemicals? The answers to these questions seemed essential to my new responsibilities as an expectant mother. And they all pointed to a simple truth: protecting the ecosystem inside my body required protecting the one outside.

This book is the result of that most personal of ecological investigations. Part I describes the unfolding events of fetal development, month by joyful month, the nine chapters named for the traditional names of each month’s full moon in the agricultural cycle. Along the way, I explore various mysteries: the puzzling malaise of  morning sickness; the historical failure to recognize fetal toxicants; the experience of holding in my hands a tube of my own amniotic fluid; the origins of birth defects; and the ways in which certain chemical contaminants can sabotage fetal brain development. As birth nears, I turn my attention to the ecology of the birth process itself. As I try to plan for a natural childbirth within a large research hospital, another one of my identities—cancer survivor—plays a key role in my decision-making.

Next, Having Faith takes a close look at the symbiosis of breastfeeding. Part II thus begins with the reestablishment of the biological bond between mother and child as the breast takes over from the placenta the task of nurturing the infant. In Part II, I also take a close look at the evolutionary origins of human breast milk, with its disease-fighting properties and unsurpassed ability to guide the brain development of nursing infants. Finally, I examine how the goodness of breast milk—and indeed a mother’s very ability to produce it—is now being compromised by the presence of toxic chemicals in the human food chain.

The source notes at the end of the book direct readers to the many hundreds of scientific papers, monographs, reports, and texts that informed my analysis. Those interested in more detailed biological descriptions can seek them here. All this research, however, can really be summed up in a few simple sentences. In the words of Katsi Cook, a Native American midwife, a woman’s body is the first environment. If the world’s environment is contaminated, so too is the ecosystem of a mother’s body. If a mother’s body is contaminated, so too is the child who inhabits it. These truths should inspire us all—mothers, fathers, grandparents, doctors, midwives, and everyone concerned about future generations—to action.


January 31, 2001 
Ithaca, New York







 PART ONE

September 26, 1998, late morning

 



 



 



 



 



 



 



 



 



In the hospital solarium, sunlight pours through the glass like a warm shower. I have brought you here, little one, to show you the sky, blue as cornflowers, and the stone buildings of Boston, city of your birth. But you are sleeping and show no sign of changing your mind about sleeping.

You spent last night nestled in the crook of my arm. I curled around you so that the curves and bumps of your body, familiar to me as my own, pressed against my belly, pressed against me now from the outside instead of from the inside. (I recognize especially the curve of your heel. For many weeks I felt it through my own skin, just under my left rib.) At 3 A.M. you awoke. Your father said he looked over from his cot and saw you staring at a square of light on the wall. While I slept he held you in his arms and made shadow puppets for you. He said that you watched intently. He emphasized “intently”—and that, after he had run through his entire repertoire, you turned your attention to his face, holding him in a calm gaze. He said he knew in that moment what kind of person you would become. He said you have an observant, inquisitive spirit.

Your left hand wriggles out now from the top of your swaddling blanket, but still you do not wake. The pattern your veins make on the back of your hand is identical to my own. I cannot  stop staring at you. No wonder mothers claim they cannot remember their labors clearly. You fill all my brain cells. Just the sound of your breathing—which is a miracle—requires my complete attention. The sea smell of your hair. The pulse behind your ear. The butter of your skin. I am so busy memorizing you that I cannot recall anything about my life before today.

In the world outside this glass room, songbirds are feeding and resting in the trees. Some will take off tonight and not land until they reach Venezuela. Sandpipers, plovers, and broad-winged hawks have already left for Patagonia and Panama. Bats are heading for caves in Kentucky and Tennessee. Out in the Atlantic, hump back whales pass by on their way to the Caribbean. Even now, Canada geese are honking toward us from Quebec. It is a good day for the beginnings of journeys.


Every time I look at you, I think, Now I cannot die.

I decide your name is Faith.
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In a faculty bathroom on the campus of Illinois Wesleyan University, I am trying to pee on a stick. Outside, the first snowfall of winter is coming down thick and fast, which is a good thing because I have a seminar to teach downstairs in five minutes, and the snow—with all the required stomping of boots and shaking of scarves—should keep the class preoccupied for a while.

When I was a student here myself, twenty years ago, I always wondered what went on in private, professorial chambers like this one. Now that I have returned for a semester as a visiting writer-in-residence, accompanied by my visiting artist–in–residence husband, I’ve been walking through lots of familiar old buildings and opening doors to rooms I never knew existed. The provost’s inner office, for instance. The faculty dining hall. And now this dark-paneled, wide-windowed lavatory with its crooked floor and oversized porcelain fixtures.

I focus on the chortling sounds of the radiator. Urine splashes over my fingers, and I feel the stick bend down like a divining rod.

In my office, a few minutes earlier, I finished an interview with the alumni magazine editor, during which time I was completely absorbed with the question of whether or not I was pregnant. My period is not due for another two days, and yet I have a hunch. So as soon as he left, I walked across the street to the pharmacy where, as a college student, I had bought contraceptive devices. I used to stand in the checkout lane and worry that one of my professors  would walk in and see me with a handful of condoms and spermicides. Today, with the same air of fake casualness, I sidled up to that identical counter holding a home pregnancy test kit, hoping that none of my students would walk in before the clerk could slip that too-pink box safely into a bag.

I lay the wet stick on the cool, curved lip of the sink basin. White on white, it seems to vanish.

I hadn’t really planned to do this right now. But I was amazed, after reading the directions on the back of the box, how simple and quick the test is. Pee on a stick, and three minutes later you have your question answered. It was too irresistible. In 1986, as a science writer for the Detroit Free Press, I had researched a story about diagnostic home test kits and raised eyebrows in the features department by keeping a stack of pregnancy tests piled on my desk. The idea of women diagnosing their own pregnancies was still disconcerting back then. The kits themselves contained entire miniature laboratories. They required first morning urine, a willingness to follow complicated instructions, and a half hour of waiting. “Am I going to have a baby?” a woman asked the little chemistry set. The appearance of a ghostly brown ring in a mirror mounted under the test tube meant “Yes.” It was like reading tea leaves.

Before the advent of home tests, women handed their urine over to medical technicians to foretell their futures. The Aschheim-Zondek method was developed at a charity hospital in Berlin in 1927. It involved injecting a virgin mouse (later a rabbit or a toad) with the urine of a possibly pregnant woman and then dissecting the animal to see whether it had ovulated. If so, the test was positive. This took weeks. Before Aschheim-Zondek, women relied on their own bodies to tell them they were pregnant. For some, this could take months. Now, a positive pregnancy test means that two colored lines appear on a plastic stick in less time than it takes to brush your teeth.

I note the starting time on my watch, and then very deliberately look out the window. Across the parking lot is the dormitory where I lost my virginity. Beyond the dorm is the old science building where I spent most of my waking hours—studying invertebrate zoology, comparative anatomy, organic chemistry. Somewhere in there was the embryology lab where I once successfully transplanted the wing bud of a chick embryo. It was strange really—to have begun one’s sexual life in the midst of an intense intellectual  immersion into reproductive biology. I had spent my days poring over micrographs of fetal cross sections, completely humbled by the operatic beauty of it all, and my nights in sticky dormitory couplings, actively trying to prevent sperm and egg from finding each other. This all took place in an age that now seems so fleeting on almost doubts it ever really existed: the handful of years between Roe v. Wade in 1973 and the advent of AIDS in the early 1980s, that brief time when sex did not hold between its teeth the red rose of either ruin or death. Now I have returned; married, sexually unprotected, and twice as old as I was when I became semi-skilled at prenatal chicken surgery.

The snow falls harder. Already the quadrangle’s sward of brown grass is buried.


Am I pregnant? It is an old, old question. How many women have asked it before me? How many women right now are standing at windows waiting for urine-soaked sticks to turn color? Some are praying not to see lines. Some are trying to will them into existence.  Am I pregnant? At this particular moment I’m not sure what answer I’m hoping for. Mostly I’m unnerved by the ease of the experiment I’m conducting, as though such a venerable and terrifying question should demand an animal sacrifice, or at least intricate and difficult operations. I reread the instruction sheet. I notice it refers to the plastic stick as “the wand.”

I guess that about a minute has passed. Two more to go. To avoid looking at my watch, I decide to think about the menstrual cycle. Reviewing the inside of the human body is a habit of mine, my own private form of meditation. Once, I stayed in a London hotel that became the unintended site of a terrorist attack. While being assembled, a bomb exploded in a room across the courtyard from my own, killing its makers and a sleeping woman next door. In the days that followed, I traced over and over in my mind’s eye the passage of venous and arterial blood through the heart’s four chambers. It was a way of slowing down my own heart—and not replaying the image of windows shattering.

So, the menstrual cycle.

At the end of a period, the lining of the uterus is thin and bare—like a layer of silt left behind after flood waters have receded. The ovaries, too, are smooth and quiet. Then, high in the brain, the pituitary gland begins to drizzle into the bloodstream a substance  called follicle stimulating hormone. True to its name, the hormone awakens in one or the other ovary a whole choir of follicles. Like bubbles, they rise to the surface in unison. Each one is a sack that holds a single human egg. Typically, only one follicle will ultimately surrender its singular possession, but all participate in the task of turning testosterone into estrogen, and it is this collective effort that makes the next step possible.

The assembled estrogen seeps from the follicle-studded surface of the ovary and swirls around in the bloodstream. Some reaches the brain, and, in a second round of call and response, the pituitary gland replies by releasing back into the blood another substance called luteinizing hormone. Like the initial hormone that set the whole process in motion, this, too, is received by the ovary, and it induces one of the swollen follicles to break through the ovarian surface. An egg is delivered out into the headwaters of the fallopian tube. Ovulation. All this in less than two weeks.

The faucet drips. The radiator hisses and bangs into action. I guess that another minute has passed. If I look down at my watch, I’ll see “the wand,” so I keep my eyes on the falling snow.

It’s easy to think of the egg as a little gondola floating serenely down the Venetian canal of the fallopian tube, but this is not quite right. I remember the textbook case of the young woman who lost an ovary and a fallopian tube to surgery. Unfortunately, her remaining ovary and tube were located on opposite sides from each other. To the amazement of all concerned, she got pregnant anyway. Under the influence of estrogen, fallopian tubes move. They stretch, and they bend, and their mouths are actively attracted to ovulating eggs, a drawing power that apparently extends even across the continent of the pelvis. Moreover, once the egg is captured, a fallopian tube has muscles and cilia that ferry it downstream. This is not to say the tube does all the paddling. A living egg denuded of its outer coating will not move. Fallopian transport is a mutual affair, and something in the egg itself assists in the journey. No one knows exactly what.

I wonder what time it is. Down in the parking lot, the last of my students are negotiating their way through rows of cars. But I am not ready yet to consult the plastic oracle on the sink.

During the next three or four days, the floodplain of the uterus is completely transformed. Its flat endometrial lining rises and  thickens. Spiral arteries coil through it like snakes. The deeper layers swell with starch-filled glands, and the surface crawls with immune cells. The elixir responsible for this luxuriant growth is the hormone progesterone, which trickles into the bloodstream from the ovarian follicle that released the ovulated egg. Once its sol performance is over, the emptied-out follicle does not sit down with the rest of the choir. Instead, it balls up, turns yellow, and begins secreting hormones. Called the corpus luteum, it is this new gland that turns the interior landscape of the uterus into a lush marshland.

Now we come to the crossroads, the crux of the matter, the source of my lady-or-the-tiger inquiry. An ovulated, unfertilized human egg has a lifespan of just twelve to twenty-four hours. Forty-eight hours, tops. If it dies a maiden, its journey ends. The yellow moon of the corpus luteum soon wanes. As progesterone levels fall, the root ends of the spiral arteries constrict, and the whole endometrium blanches with the loss of blood flow. The starchy pools evaporate. The curly stalks of the spiral arteries senesce. White blood cells infiltrate. All that is left is the denouement of menstruation: the base of the spiral arteries reopens and a surge of fresh blood carries the dying tissue away. In the last twenty-five years I’ve already gone through several hundred rounds of flooding and renewal. The almanac of the uterus is steadying.

If, on the other hand, something else has happened during the trip down the tunnel—that subject of seventh-grade film strips and intense theological argument—then our story changes. If a living zygote emerges from the far end of the fallopian tube, then the rest of my life is going to be very different.

When an egg is fertilized by a sperm in the upper reaches of the fallopian tube, the first cell division happens in about twelve hours. Four days later, as it bobs out into the womb’s delta, there are fifty-eight cells, arranged in a cluster like a mulberry. At this point, a bubble of fluid begins to fill one side of the ball of multiplying cells, and the outermost cells on the other side fuse together. Between the two is a teard rop of cells destined to become the embryo. The bubble is the amnion, the fused part the placenta. One week after the egg’s successful affair with the sperm, the whole unit sinks into the endometrial marsh in a process called implantation. The fused cells push long, amoeba-like fingers deep into the uterine lining while  secreting digestive enzymes that facilitate its burial. In response, the tips of the spiral arteries break open and spurt like geysers. Thus, life begins in a pool of blood.

Twelve days after conception—that’s about where I would be now, if indeed I am there at all—the uterine lining has already grown over the point of entry, and the embryonic placenta has sent siphoning hoses into the bloody lagoons beneath. Equally important, it has begun the manufacture of a hormone called human chorionic gonadotropin—HCG—which spills into the mother’s capillaries and circulates until it reaches the ovaries. HCG stops the menstrual cycle at summer solstice. It does so by commuting the monthly death sentence of the corpus luteum. Estrogen and progesterone there fore keep flowing from the ovary in ever larger quantities. The uterine lining is not shed but becomes ever more overgrown. More and more spiral arteries wind upward and break open to feed the new life buried there. Immune cells surround it and offer their protection.

HCG is the hormone that pregnancy kits attempt to detect. If it is present in blood, it is present in urine. If it is present in urine, it can be poured over plastic sticks embedded with antibodies. If the antibodies have been extracted from mice previously exposed to the hormones of pregnant women, then they will bind to the HCG in the urine. If the antibodies can be made to change color once they are so bound, then pregnancy is made visible. If I am pregnant, then I should be able to see it. Now.

I look at my watch. Five minutes! I look down at the stick. Two lavender lines. Unmistakable. Now there are two of us. And I am late for class.
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The season’s only snowfall melts and then freezes, cruelly, into pleated sheets of ice that last for weeks. Bundled up, I carry my secret with me, imagining the baby (the baby!) as a lavender thread caught within a plush red carpet. The pregnancy seems unreal. I still look the same, feel the same, eat, sleep, and think the same. Like everyone who is not pregnant, I skate gingerly across the ice, head down, arms out, in my daily circuits to class, library, home, and back. Except that I am overcome with a new sense of urgency. I begin reading embryology texts again. I also collect a few popular guidebooks for pregnant women.

I quickly learn that embryologists and obstetricians speak two different languages and utilize two different calendars for chronicling the passage of unfolding events. One is a fortnight ahead of the other. The embryological timetable uses the moment of fertilization as its starting point. This seems sensible, and it is the system I am used to. By the embryologists’ accounting, a human pregnancy is thirty-eight weeks long. More or less.

The obstetricians, however, begin the clock with the first day of the woman’s last menstrual period. By their method, gestation is an even forty weeks. Their argument for adding two weeks to the beginning of pregnancy is that the fertilization is an unknowable point in time, whereas the onset of menstruation is subject to data  collection—either because it has been dutifully recorded in a woman’s week-at-a-glance appointment book or because it can be deduced with a little reflection: “Let’s see. I was just stepping onto the subway platform when I realized my period had started. That was the day I had planned to go Christmas shopping, so it must have been Monday, the twenty-first.” The assumption is that menstruation, on average, precedes ovulation and therefore conception by fourteen days. This is not an unreasonable system either. In fact, it’s very practical. Using the obstetrical calendar, a date of birth can be quickly predicted by subtracting three months from the date of last menstruation and adding seven days.

The problem with the obstetrical method is that it pretends a woman is pregnant two weeks before the egg boat has even left the ovarian dock. This is the fiction the whole system hangs on. The surreal result is that a newly pregnant woman is fast-forwarded in time: one short week after a missed menstrual period she is said to be five weeks pregnant.

For a while, I walk around translating the obstetrical calendar into the embryological one I am familiar with. The obstetrician I choose from the Yellow Pages of the phone book is first interested in seeing me when I am about eight weeks pregnant—by which he means six weeks since I actually became pregnant. The pregnancy advice books note that morning sickness often sets in at six weeks, by which they mean four weeks. Finally, I give in and adopt the new, accelerated way of marking time. In some ways, it more closely mirrors the experience of pregnancy discovery. Learning I am pregnant is like crossing the International Date Line. All of a sudden, time skips forward.

Jeff feels the new time sense, too—ever since the afternoon two weeks ago when I handed him the tiny wand, tattooed with its pair of colored lines. Standing in his sculpture studio, he took it and turned it over slowly.

“Is it a thermometer?”

I shook my head.

“Is it. . . a clock?”

This was a response I hadn’t expected.

“Yes, in a way.” I laughed, sure I had misled him. But objects are his medium. He wasn’t thrown off by my words. He looked again.

“Are you pregnant? Does this say you’re pregnant?”

I nodded furiously, and then we were hugging and laughing. And then I cried, and Jeff held his head in his hands. And then we walked home in the snow with the cars crunching slowly by us, and began to make dinner in an already darkening kitchen, and by the time we had finished, it was truly dark and we sat together quietly like that for a long time, feeling the hours of the short winter days flying by us and pressing behind us at the same time.

 



Two weeks later, we are flipping pages in our date books and comparing our various plans for art shows, book projects, travel, teaching commitments. My due date is October 2. We pencil it in our calendars as though it were some kind of deadline for a grant application.

“You know, it’s only a guess. It could be four weeks early. It could be two weeks late.”

“I know.”

“Only twelve percent of women actually give birth on their due dates.”

“Really?”

Silence.

Let’s just take things one step at a time. That’s what you always say, right?”

“I know.”

Silence.

“Do you think I should cancel my trip to Toronto?”

“Why? It’s only a few weeks from now.”

“It’s expensive.”

Future time increasingly seems like some kind of finite resource, like coal or aluminum ore, that must be inventoried, processed, allocated, bankrolled. This kind of stocktaking is new for us. I wonder if all adults who are parents think this way.

I start paying attention to the silver maples outside the windows of the faculty guest house where we are living. Acer saccharinum. It’s a fast-growing tree. Homeowners plant them when they want shade in a hurry, but their crowns are brittle and come down quickly in windstorms. Against a gray February sky, their bare, pointy branches are pencil sketches of themselves. In early spring, pom-poms of tiny flowers will open from lateral buds and shower sidewalks and car windshields with chartreuse confetti. Soon after, deeply cut, silvery white leaves will unfurl. Then the helicopters of  winged seeds will whirl down and lie topsy turvy in the summer grass. Finally, the leaves will roll up into dry, papery tubes and these too will float down so they can be raked into heaps of ashy lace. But before these leaves fall—if all goes well—I will have a baby. October 2.

I peer more closely at the hunched-up leaf buds paired along the twigs, barely visible, barely there at all. In February, October does not seem possible. Nothing except February seems possible in February—not the wind travels of pollen, not the making of seed helicopters from flower tassels, not the appearance of fancy leaves from the sides of cold twigs, not the formation of babies from menstrual blood.

 



Organogenesis is the formation of body parts. It takes place in the month between weeks six and ten, as the obstetricians date it. By the time it is over, the embryo is the length of a paper clip, and, by definition, all the organs and structures of the body are present in “a grossly recognizable form.” At week eleven of pregnancy, no further assembly is required: the embryo is knighted a fetus and simply grows bigger until it is ready for birth, when it weighs about the same as a gallon of milk.

Of all the biological processes I’ve ever studied—from photosynthesis to echolocation—organogenesis is, hands down, the most fantastical. Sometimes it seems like a magic show. At other times it’s like origami, the formation of elegant structures from the folding of flat sheets. It also involves cellular wanderings worthy of Odysseus. No single metaphor can describe it. It certainly isn’t like taking a lump of clay and molding a little head from one end and legs and feet from the other.

The events of weeks four and five prepare the way.1 While still sinking down into the uterine lining, the inner cell mass flattens out into a bilaminar, or two-layered, disc. The edges grow out and begin to curve around in opposite directions until the disc is surrounded by two slightly flattened balls. Then it gets complicated. An opaque line begins to form down the middle of the disc’s top   layer. At one end of the line, a bump rises up like a miniature volcano with a tiny crater at its summit. This line is called the primitive streak, the bump is called the primitive node, and its crater the primitive pit. These are temporary landmarks in a protean landscape. It is the task of these three structures to send moving cells in the right direction. The primitive streak is a kind of cave door that opens into a hidden space between the two cell layers. In a great exodus, cells from the top layer stream through the streak and fan out. Now there are three layers. By the end of week five, its work finished, the primitive streak is already fading from sight. With this, organogenesis commences.

The disc’s three layers are the original tribes of Israel. All body parts originate from one of them, but it is not always obvious which organ comes from which. For example, it makes a certain amount of sense that hair should derive from the outer layer (ectoderm), muscles from the middle layer (mesoderm), and the bowel from the inner one (endoderm). But why should the vagina trace its ancestry back to the mesoderm while the more external bladder originates from the endoderm? Or why should the brain, like the skin, arise from cells in the ectoderm? Trying to decode these aspects of embryology once brought me to the brink of despair.

The trick to understanding how it all comes to be is to trace the lineage of each tissue layer from start to finish. This is like learning all the begats of St. Matthew: the ectoderm gives rise to the primordial epithelium, which gives rise to the proctodeal epithelium, which gives rise to the stomodeal epithelium, which gives rise to the enamel of the teeth. With each generation, the structures change shape and get more elaborate. Cylinders form as the ends of flat sheets grow together. At one point, the whole embryo folds laterally. Organogenesis begins with three flat layers and, one week later, produces a coiled, segmented object that looks like an architectural detail on the end of a stair banister. Three weeks and a few more folds later, a “grossly recognizable” human being resides in the wetlands of the uterus.

What seems like sleight-of-hand work is actually governed by two key embryological principles. One is migration. The other is induction.

Migration means that the cells of the developing embryo don’t just grow and divide. They actually break free, sprout snail-like  feet, and walk over the bodies of their neighbors before settling down elsewhere—often in some distant locale. The pilgrimage through the primitive streak is only the first of many migrations. In male embryos, primordial sperm cells form out in the yolk sac and sojourn through the gut for a while before finally colonizing what eventually will become the testicle. Eventually, these cells move out of the body cavity a second time when the testicles themselves descend into the scrotum.

No important journey ends without profoundly changing the one who undertakes it. Induction is this change, and it happens when migrating immature cells—so-called stem cells—meet others along the way. Through these various encounters, stem cells differentiate: they evolve from unspecialized tissues into definitive organs and structures. By the time the migrants settle down again, they have acquired an identity; in that time-honored tradition of youthful wandering, they have found themselves. For example, when certain cells on the top layer of the bilaminar disc pour through the primitive streak and flow out beneath, they brush by cells on the bottom layer. This contact induces the middle-layer cells to turn into blood vessels. If the two layers do not touch, these vessels never form.

This kind of transformation comes at a price. Once the fate of a cell is fixed, it loses the ability to play any other role. A blood vessel cannot then become a tendon or lymph duct—even if it is touched by cells inducing it to do so. Embryologists talk about embryonic stem cells passing through “restriction points” as they migrate. During these moments, whole strings of genes are turned off, leaving only the few needed for a cell’s new, more specialized life. Certain genes elsewhere in the embryonic landscape direct all these cellular blackouts through series of chemical cues called signaling episodes. One key gene involved in a lot of this work is called, whimsically enough, sonic hedgehog. From its perch in the cells near the primitive node, sonic hedgehog directs the development of body parts such as the brain, intestines, and limbs.

It’s easiest to see how induction works when something goes wrong. Consider DiGeorge syndrome. People afflicted with it are born with malformed hearts. They also have immune deficiencies, low blood calcium, oddly shaped heads, and cleft palates. None of these problems seems to be related to any of the others, but in fact all the defects arise in tissues that derive from one source known as  cardiac neural crest cells. On a particular day during organogenesis, members of this clan are supposed to emerge from a fold of neural tissue and shape the great blood vessels leaving the heart. Other neural crest cells stray into the various arches above the heart, where they participate in the formation of the facial bones and two different glands in the neck, the parathyroid and the thymus glands. The first regulates calcium levels, and the second bears the responsibility for turning immature immune cells into a well-regulated militia. The meanderings of cardiac neural crest cells are ultimately directed by a piece of DNA that lies on chromosome 22. If this chunk is missing, the result is DiGeorge syndrome, with all its disparate anomalies. For want of a nail a kingdom is lost.

Because rare problems offer such important clues to normal development, embryology textbooks are full of pictures that pregnant women shouldn’t look at. I do because I am seeking images to make the early weeks of pregnancy seem real and because the language of embryology has a heroic, epic resonance. I feel a little like a migrating embryonic cell myself, sent out on a journey that seems not entirely of my own choosing or under my own direction—even though this is a long-hoped-for pregnancy. I suspect I will be changed by it, that some new identity is forthcoming. Restriction points lie ahead.

 



At the end of week six, my pregnancy becomes empirical. I wake up nauseated. The rest of the month is a return to childhood.

It all starts with my toothbrush, which suddenly seems too large for my mouth. It keeps making me gag. I buy a little baby toothbrush festooned with sparkles and cartoon characters. For a few days, this seems to solve the problem. Then I notice I have too much spit in my mouth. Excess saliva is an official symptom of pregnancy. It’s called ptyalism. I learn this not from my embryology textbooks but from one of the popular week-by-week guidebooks for pregnant women, which I mostly avoid because their medical illustrations are terrible and their gushy, overly reassuring tones annoy me.

Swallowing the saliva makes me queasy, so I start looking for discreet places to spit during my morning walk to campus. Behind the retaining wall on the quad. Into the frozen flower beds near the English House. I haven’t spit in public since about third grade. My aim was better then.

By week seven, spitting advances to throwing up. I spent a lot of my childhood vomiting, both because I suffered from terrible motion sickness and because I was the daughter of a public schoolteacher, which meant that entire summers were spent in the backseat of a car, driving from one national park to another. Athletic humiliation could also provoke nausea. During the school year, most of my vomiting was done on the high-gloss floorboards of the gymnasium. The whistle was blown, the wretched game was stopped, the janitor was summoned, and some kind of pink, fruity-smelling sawdust was sprinkled over the frothy puddle while I stare , mortified, at my canvas shoes. I was less inclined to vomit in class, where I tended to excel, except for one time in second grade when I threw up on the boy who sat directly in front of me. I was sent home with the flu. He went on to become popular in high school. For four long years, he greeted me in the hallway with feigned retching and the hissed warning, “Don’t puke, Steingraber.”

It’s a refrain I now repeat on the way home from class. Spitting on the university landscaping is one thin . Vomiting is another. Usually I make it back to the guest house. As soon as I see the sink in the bathroom, I let go. It becomes a conditioned response. If I lie down and avoid going into the bathroom, I don’t vomit. The problem is that I have to pee all the time now. This is because rising levels of progesterone have softened the muscles of the pelvic floor, allowing the uterus to slump onto the bladder. I have to pee, ergo, I have to throw up.

I descend further into childhood. Progesterone also slows metabolism. I am tired. I go to bed at nine. I take naps. I wake up cranky and shuffle out to the dinner table. My husband sets a toasted cheese sandwich before me. It’s what I have requested, but I look t it suspiciously.

“You cut it wrong,” I hear myself say. “And it’s the wrong bread.”

I can’t explain what’s happening to me. The way food looks suddenly determines whether or not I an swallow it. Other rules follow: I can eat cold bananas but not the ones stored at room temperature. I would like eggs for breakfast, but only if they are very hot and if the yolks are hard but not broken. I can drink water between meals but not during. I discover that most of my favorite foods—beans, salads, tofu, vegetables—are yucky. I stare glumly at my plate  a lot in a way I remember doing when I was about three, my parents cajoling, “But you like chop suey! You’ve always liked chop suey!”

 



I leave behind the high-art world of embryology and begin reading about morning sickness. It turns out I am in good company. More than three quarters of U.S. women suffer from nausea in the second month of pregnancy, and slightly more than half experience vomiting. I’m in the sizable minority—25 percent—who throw up daily. Nausea in pregnancy is not limited by region, lifestyle, race, or class. Women of the hunting-gathering !Kung people of Botswana complain of it as do Japanese, Arab, and European women and mothers-to-be up and down the Americas. In South Africa, surveys of pregnant women found similar incidence rates among whites and blacks. Among indigenous societies, the data show no relationship between morning sickness and agricultural practices, work habits, social structure, community size, or settlement pattern s.

Neither is morning sickness a recent phenomenon. The earliest description is inscribed on papyrus and goes back four millennia. Aristotle commented on it, as did the Roman physician Soranus, who advocated dry foods, weak wine, massage, and carriage rides to ease the misery. I am impressed with the compassion that the ancients extended to the sufferers of morning sickness. (Which, by the way, is not limited to the morning but is often most intense upon waking. To this I can attest.) Early in the twentieth century, attitudes grew more surly. The absence of any adequate medical explanation for morning sickness—and the fact that some women are spared it altogether—allowed psychological theories of causation to flourish and mercy for the afflicted to wane. In one hospital in the 1930s, pregnant women prone to sickness were confined to bed and forbidden visitors and vomit bowls until they showed improvement. As further incentive for recovery, the nurses who cared for them were instructed to refrain from changing their sheets promptly. Throughout the century, morning sickness was variously blamed on neurosis, an unconscious desire for abortion, a rejection of motherhood, a scheme to avoid housework, and sexual dysfunction.

The most astonishing article I come across was published in 1946 by a Scottish physician who claimed there was a relationship between morning sickness and “excessive mother attachment.”

 



This discovery had other corollaries: “A study of the emotional state of these patients . . . revealed a common feature—i.e. sexual relationship with the husband gave rise to disgust. . . . I have confirmed the findings in many hundreds of women. In doing so I noted that a high proportion of them at marriage were unduly attached to their mothers.”

Removal of the pregnant woman from the proximity of her mother was the proposed cure. I wondered how anyone could ever concoct such a hypothesis until I ran across a recent article in the nursing literature that reported on successful coping strategies in women with severe pregnancy sickness: “Most women reduced their social commitments during the early months of pregnancy, becoming much more dependent on their mothers and close friends for help in meal preparation and child care” (my emphasis).

To wit: Pregnant women who throw up a lot seek the help of their mothers. Perhaps the good doctor had simply confused effect with cause. In any case, further study has uncovered no correlation between the way a woman feels about sexual reproduction and her frequency of nausea and vomiting . For that matter, severity of morning sickness does not vary with marital status, number of previous pregnancies, employment, or habitation—although it may be more common in urban areas than rural and it is definitely more common in women whose mothers also suffered from it. Another reason to call Mom.

So what does cause morning sickness? The always-reassuring pregnancy advice books delight in reporting that no one really knows, but those who suffer should take heart: nausea is a sign of a healthy pregnancy. This, indeed, appears to be the case. Women with severe morning sickness have fewer miscarriages, stillbirths, and premature deliveries, and their babies are at lower risk for heart defects. I am reassured—even though I am bothered by the mystery surrounding this ailment. Why should something experienced by the majority of the world’s women be impervious to medical explanation?

Part of the reason is that sorry little research has been devoted to its study. I gather together a comprehensive file on the topic, and the resulting stack of books and journal articles from the medical literature takes up scant room on my desk. What we know for sure is that pregnant women with nausea have unusual electrical  patterns flickering across the surfaces of their stomachs. Normally, the stomach goes through a sequence of electric l oscillations called the slow wave, which causes gentle contractions. Disturbing the speed of the slow wave has long been known to cause nausea and vomiting. Recent studies show that sufferers of morning sickness have slow wave rhythms that are either faster or slower than normal. Either way, contractions stop, and this morning’s breakfast threatens to reappear.

But what causes slow-wave disruption? Most investigators believe it must be a hormone. HCG from the placenta is the one most often picked out of a lineup of suspects. Several pieces of circumstantial evidence implicate it. High blood levels f HCG are known to cause nausea. And women pregnant with twins, who have higher circulating HCG levels, often have more intense morning sickness. Most damningly, the rise and fall of blood HCG levels track closely the trajectory of nausea and vomiting during pregnancy, with its initiation at six weeks, its peak at nine weeks, and its eventual waning at around fourteen weeks. And yet, certain cancers known to elevate HCG to very high levels do not induce nausea and vomiting.

This inconsistency is pointed out by researchers who finger progesterone or estrogen as the likely culprit. During pregnancy, blood levels of both are kicked up to unprecedented levels by the intrepid corpus luteum, the ovarian gland that oversees pregnancy until the placenta is ready to take over. Moreover, nearly all women who experience nausea while on the Pill, which is a mix of estrogen and progesterone, will also get nauseated during pregnancy. Also, progesterone and estrogen given together to non-pregnant women alter gastric slow wave and induce nausea. On the other hand, estrogen and progesterone levels remain high throughout pregnancy while nausea almost always subsides by the fourth month. Moreover, there is no correlation between blood levels of these hormones and severity of sickness. Do we pregnant women simply adjust to rising hormone levels? Do we all simply have different thresholds? Or is yet some other unidentified agent responsible?

There is no shortage of candidates. Early pregnancy is associated with altered thyroid functioning. Thyroxine may therefore play a role. Hormones that prepare the breast for lactation also rise dramatically during this time, as do an assortment of growth factors with names  like activin and inhibin. Perhaps one of these is the true agent. The ways in which hormones are carried in the blood—some are escorted by proteins and others circulate freely—also shift during pregnancy. Perhaps it’s not any one hormone per se that is responsible but changing methods of transport. Perhaps the brain is involved: one pair of researchers has nominated the structure in the back of the brain stem called the area postrema as the place to look for the source of pregnancy sickness. This low-hanging knob serves as a kind of toxic detector, functioning in taste aversions and palatability decisions. One rand unifying hypothesis posits a hormonal conspiracy: estrogen and progesterone act on the area postrema while HCG disrupts the muscular contractions of the gut, thereby sending vomiting signals to a digestive system already primed by nausea.

 



In short, no one knows the cause of morning sickness because few have looked, and those who have looked have lifted their hands in surrender pretty swiftly when the answer proved elusive. I am therefore happy to discover two woman researchers who re working on the question, from two very different ends of it. One is a dietician, the other an evolutionary biologist. Their work forms the only two books on the topic that I can find in print. Miriam Erick, the dietician, cares for pregnant women in Boston who have been hospitalized with hyperemesis gravidarum, a rare but extreme form of morning sickness that can be life threatening. (Hyperemesis, or violent, prolonged vomiting, was rumored to have killed Charlotte Brontë, the author of Jane Eyre.) Erick’s job is to find something these women can eat. Her starting point is their encounters with various food items. Margie Profet, by contrast, is a MacArthur Award–winning scholar who toils in the lofty confines of Harvard and Berkeley, far from the bedside vomit bucket. Profet’s approach is conceptual, and her starting point is Darwin.

Erick has collected a lot of careful observations that warrant further study. First of all, she notes that there is no one food that nauseated pregnant women seek out: solutions are highly individual. Indeed, relief is often found in novel, highly flavored foods rather than in retreat to familiar, bland ones. If there is any single food strongly favored by sick pregnant women, Erick reports, it is tomatoes. I am relieved just reading this. The standard advice to eat crackers, sip ginger ale, and seek out tasteless foods is not working  for me at all. Morning sickness is not like having stomach flu or a hangover. It is connected to a deep kind of hunger. Not eating at all, or nibbling on sick-person food, intensifies the misery. A kind of civil war rages: the thought of food is revolting, but only food—and lots of it—has the power to quell the revulsion. And what I want is not my usual whole-grain vegetarian fare but pork chops and cole slaw, two thins that have not graced my plate for twenty years or more. This is not to say I crave these dishes; they are simply among the few foods I can imagine being able to chew and swallow. I throw up a bowl of cream-of-wheat and then wolf down a plateful of raw cabbage with mayonnaise and feel better. Pizza is also high on my list—perhaps by virtue of the tomato sauce. Erick’s observation also explains why some surveys find that pregnant women with nausea shun meat while others report actively seeking it out.

Erick has documented one other intriguing pattern: nausea in pregnancy is triggered more often by smell than by taste. This probably explains why I can eat refrigerated bananas but not the more aromatic ones from the fruit bowl. Pregnancy enhances the ability to smell; some evidence suggests that estrogen is responsible. Moreover, studies from the space program (where nausea is a huge threat to the success of some very expensive missions) indicate that vomiting can be induced by electrical stimulation of the olfactory tubercle. In the search for causes to morning sickness, these seem like important clues.

As for me, the world has indeed become a very smelly place. I’ve always wondered about animals whose senses are keener than ours. Now I’ve become one. This is not necessarily a pleasure. Most of the human world smells downright nasty. I’m aware of paint fumes inside the kitchen cupboards. Some kind of swamp-like odor rises from the bathtub. Vapor trails of deodorant and aftershave follow people down the sidewalk. Car exhaust is unspeakable. Finally, I learn to eat dinner in the bedroom, the least smelly room of the house, and the number of meals lost to the bathroom sink declines. Jeff, the short-order cook, breathes a sigh of relief.

In contrast to Miriam Erick and the immediacy of her work, Margie Profet takes a much longer view. Profet is less interested in what biologists call proximate causes and more interested in the ultimate ones. That is to say, all possible immediate triggers to vomiting aside, why would a hormonally reactive digestive system have  evolved in the first place? Her hypothesis is that morning sickness is an adaptation to protect embryos during organogenesis. Nausea and vomiting, Profet argues, ensure that food-borne toxins do not reach the womb while that most delicate of human operas runs its course. It is a bold proposition.

The toxins that concern her most are the natural ones found in plants. Plants originally evolved these to deflect the advances of plant-eating insects and other herbivores, and they are very effective. They continue to be found, albeit in small amounts, in many domesticated vegetables and spices consumed by humans: potatoes, cabbage, mustard, pepper, etc. To make her case that these substances could harm the embryo, Profet points to several pieces of evidence. First, the period of morning sickness overlaps almost exactly the period of organogenesis, which is the phase of prenatal life most vulnerable to toxic threats. Second, as previously noted, women with morning sickness have better pregnancy outcomes. Third, the food items most repulsive to pregnant women, so she claims, are strongly flavored vegetables, highly spiced foods, and other items chock full of chemical repellants, such as coffee beans. Fourth, vomiting in humans is long known to function as a poison response mechanism. On this last point, Profet is assuredly correct. This is why cancer patients vomit in response to chemotherapy and radiation. Both are poisons. When the body detects their presence, it employs the only means it has to remove them, however inappropriate. One vomiting expert defines the subject of his study, emesis, as “the reversal of a mistake.”

On the other hand, several predictions that follow from Profet’s hypothesis are not really borne out in real life. Vegetables high in naturally occurring toxins are the strong-tasting and bitter ones, such s kale, cabbage, and brussels sprouts. And yet these are exactly the ones that appear to prevent health problems, such as cancer an some birth defects. Whether this is because the vitamins, minerals, and other beneficial chemicals they carry with them outweigh the effects of the toxins or because we have evolved effective detoxifying mechanisms to render them harmless is not yet clear. One recent study that tested Profet’s hypothesis found no link between food intake of bitter vegetables and vomiting in newly pregnant women. More important, it found no connection between eating vegetables high in natural toxins and adverse pregnancy outcomes. In other  words, women with morning sickness did not avoid these vegetables more than women without, and eating them did not appear to harm their babies . However, this is the first study of its kind to test Profet’s ideas. The jury is still out.

There are other problems, too. Profet’s second claim—that pregnant women tend to shun strongly flavored plants and spices—is not consistent with Erick’s observations. That fruit most well tolerated by pregnant women, the tomato, for example, is a member of the nightshade family, which includes all kinds of truly deadly species. And how to explain my predilection for cole slaw? Furthermore, if vomiting is a means to avoid plant toxins, then we should see its presence in other pregnant animals—and more often in herbivores than carnivores. But there is no evidence for pregnancy sickness in other species. Horses are known to be incapable of vomiting, as are rats, mice, and rabbits. And animals that do vomit—primates, cats, dogs, ferrets, shrews—are mostly meat eaters.

A recent revision of Profet’s hypothesis therefore posits that although morning sickness may indeed serve an evolutionary function, its original purpose may have lain not only in creating aversions to plant toxins but also in helping women avoid spoiled animal products, which teem with pathogens and parasites. Such dangers would have been particularly acute prior to widespread refrigeration. Claiming that aversions to meat, poultry, and eggs are at least as common as vegetable aversions during pregnancy, these researchers investigated the few traditional societies in which morning sickness has never been reported. They found that these cultures were significantly less likely to rely on animal products as dietary staples than traditional societies in which morning sickness is common.

Finally, although there is no doubt that vomiting is a poison control mechanism, humans also exercise this reflex in response to other kinds of problems. On the official list of factors known to cause vomiting are anxiety, horrific sights, and extreme pain. Furthermore, food aversions are only one of the triggers of nausea in pregnancy. Research shows that any type of sensory stimuli can provoke it, including bright colors, motion, and unpleasant noises.

 



At the end of the month we pay our first visit to the obstetrician. Behind the reception desk, a collage of newborn-baby photos papers an  entire wall. They surprise me, and I realize I haven’t yet connected my own pregnancy with childbirth yet. In the waiting room, I fill out a long medical questionnaire and watch all the other pregnant women as they are put through their paces: into the bathroom for a urine sample, then up on the scale , then a blood pressure check, then back to an examination room. Then it’s my turn. In spite of the morning sickness—or maybe because of all the eating I do to submerge it—I have gained four pounds. Jeff joins me for the exam. He sits on a stool near the door as I climb up onto the table’s crackly paper. Naked under an open-backed gown, I should be cold, but I feel humid and tropical. The doctor walks in. He is a big man with a kind of chummy intensity reminiscent of political candidates. He talks first and listens second. He sits with his legs sprawled apart and gestures broadly in a way that makes him take up even more space than his large frame already requires. His nurses and other patients call him by his first name—as in Dr. Dan. I consider introducing myself as Dr. Sandra but refrain. He explains everything thoroughly enough, and I decide I can work with him. Since we’ll be back in Boston by month six, I don’t have to imagine Dr. Dan actually delivering the baby.

As the pièce de résistance at the end of the visit, he places an ultrasound Doppler transducer on my belly and turns up the dial on the amplifier hanging from his belt.

“You’re thin. We might be able to pick up a heartbeat.”

He moves the probe over my skin slowly and tips his head to one side , as if trying to tune in a distant radio station. We hear static and then a deep pulsing that we’re told is the sound of my own blood flow. Then nothing but static again. Jeff and I look at each other. Suddenly, there is a quicker, higher note behind the sonic thumps and whooshes.

“There it is.”

We all listen. It sounds like someone applauding underwater.

The heart is the first organ to develop. It begins pumping blood twenty-two days after conception—week five by the obstetrical calendar. We are hearing a heart that has been beating for three weeks.

“Sounds like a boy to me,” says Dr. Dan.

“Are you kidding or do you know something I don’t?”

“Well, I have a fifty percent chance of being right, don’t I?”

I don’t usually appreciate wisecracks during medical exams. However, they are almost always a good sign. It’s when doctors get quiet and tight-lipped that I worry.

 



At home I crawl into bed. Jeff climbs in after me and we burrow under the covers. The window is open to keep cold, scentless air flowing in.

“Look,” Jeff says. “You can see the sunset reflected in the chapel windows across the alley.”

“The days are getting longer.”

Earlier this week, Jeff arranged the bedroom furniture according to the Chinese principles of feng-shui in the half-serious hope that external harmony might quiet my inner disequilibrium. The new view alone makes it worthwhile. I am becoming dependent on him in ways I hadn’t anticipated and can barely acknowledge. The triumph of a few weeks ago has yielded to a peculiar invalidism.

“I can smell your skin.”

“Uh-oh.”

“No, it’s okay. You know, I’m a damn bloodhound now. If you run away, I can track you down by your scent trail.”

“What does it feel like?”

“Right now I feel okay. I need to eat soon, though.”

“No, I mean, what does it feel like to be pregnant?”

I laugh. “I thought you wanted the nausea report.” I think awhile. “It feels like a desire to hibernate.”

I unzip my jeans, and Jeff lays his hand on my belly. We listen, as though the embryonic heartbeat might suddenly become audible again through his palm.

“It sounded strong, didn’t it?” he says. “It sounded determined.”

Jeff is the intuitive one. His perceptions are data I’ve learned to take seriously.

“I feel softer somehow. Like the edges of me are blurring.”

“Your skin is changing,” he replies. “It feels more rubbery.”

He moves his hand over my pelvis and into the curved space between hip and rib. In moments like these I remember I’m married to a sculptor. I reach over the bed and grab the embryology atlas lying on the floor and flip to the section on organogenesis. We look together for a while at the diagrams and electron-scanning  micrographs. Two days after the heart starts beating, the eyes begin to take shape. Two days after that, limb buds sprout from the shoulders. The next day, the neural tube closes to become the spinal cord. And the day after that, rudiments of the legs and feet appear.

“No wonder you want the outside world still and quiet,” Jeff says.

“What do you think about when you look at pictures like these?”

“They remind me of performance art piece I did for the Cambridge River Festival. The one that involved a marching Sousa band.”

We lie together until the chapel windows are drained of color. Jeff gets up to start dinner. I’m half sleeping when a series of images plays through my mind’s eye: marching band takes the field. Some of the players stop, turn, and walk in different directions. Out of a series of straight lines, a snake emerges with a flickering tongue. Then the snake disperses and reassembles as a flock of birds. And then the birds turn into falling maple leaves. October.
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Something in the season begins to loosen. The change is almost imperceptible. The scenery is the same—brown stubble and black scribbly branches—but the lighting is different. Less glistening, more mushiness. Cue the wind.

At eleven weeks pregnant, I’m either feeling slightly better or else I’ve simply adjusted to the misery. In either case, the rattling of windows is making me restless, so I fill my pockets with cheese as a hedge against nausea and drive old Route 66 nine miles southwest to Funk’s Grove. At sixteen hundred acres, it is the largest stand of uncut timber left in central Illinois. Funk’s Grove is preserve in the old, feudal sense of the word. A century and a half ago, the original Funk patriarchs laid in a fortune by selling seed to local farmers, and they set this land aside for their own personal idylls. Their latter-day descendants have been generous about allowing the public into the grove. Many generations of biology students have been brought here to learn a thing or two about tree identification and forest ecosystems. I was one.

During my senior year of college, an enthusiastic new ecology professor lured me out of the laboratory and into the field, where the ability to run experiments is a function of air currents and weather, of time of day and season. One of my first studies was interrupted by the fact that my eyelashes froze together in a blizzard. Another  ended when my notebook sank into a stand of cattails. I fell in love with field work right away—as much because of its precariousness as in spite of it. I liked the way the ability to collect data was dependent on ancient skills: how to set traps in the dark; how to tie knots in the rain; how to identify trees by their bark, mammals by their tracks, birds by their song. Inspired by Funk’s Grove, I left the lab bench for the woods and never looked back.

It’s too raw today to hike my favorite part of the refuge—the prairie savanna where thick, wide-armed bur oaks stand among acres of windblown grass like the original giants of the earth. So I head for the shelter of maples, which crowd together near Timber Creek. It’s syrup season. The larger trees are tapped for sap collection, some outfitted with old-fashioned metal buckets and others with a complex arrangement of plastic bags and tubing. I wander among the buckets for a while, listening for the plink-plink of dripping sap.

Plant physiologists still can’t explain why maple sap runs in the spring. It’s a mystery that secretly pleases me. All trees stockpile sugar during the winter, and in most species simple capillary action can account for its ascent from roots to branches in the early spring. This is the same adhesive fore that draws a drop of water through a paper napkin. But this principle cannot account for the ten to twelve gallons of 4 percent sucrose solution that your average sugar maple can pull up its trunk and pour into a bucket during the month of March. Injure any other tree, and sap will merely ooze from the wound. But the complex hydraulics of maples somehow generates an interior force that exceeds the outside air pressure. Sap spurts from every gash and broken branch.

I lean against the trunk of a small untapped tree, nibble on a few cheese cubes, and try to imagine what is going on inside the bark. Way above my head, the wind in the crowns sounds like an enormous exhaust fan, but here below the air is quiet. The sun comes out for a moment, and before another sheet of clouds can cover it back over, the shadows of waving branches dance on the furrowed trunks and the mats of slick leaves.

My botanical reverie soon turns obstetrical. In fact, the internal anatomy of a human placenta closely resembles a maple grove: the long columns of cells sent out by the embryo into the uterine lining during the first few weeks of pregnancy quickly branch and branch  again until, by the third month of pregnancy, the treetops of n entire forest press up against the deepest layers of the womb. Meanwhile, the open taps of the uterus’s spiral arteries send jets of blood spurting between these arboreal structures.

As the mother’s blood trickles down through the canopy of placental branches all kinds of important transactions take place. Most notably, carbon dioxide and metabolic wastes are swapped for oxygen, water, minerals, antibodies, and nutrients. This is the same process by which the blood inside our own capillaries is cleansed and refueled but with one major difference: rather than relying on simple diffusion, the placenta actively pumps much of what it needs out of the percolating raindrops of maternal blood. In this way, the fetus is guaranteed a steady supply of needed materials even if the mother’s blood levels of, say, calcium or iodine are unusually low or high. The placenta does rely on passive diffusion to bring in oxygen. This is why oxygen levels in umbilical-cord blood dip when pregnant women are exposed to tobacco smoke. Many larger molecules transported into the placenta are picked apart before they are allowed to cross the border between mother and child. Some proteins, for example , are disassembled and carried over brick by amino-acid brick. Then they are rebuilt on the other side.

Thus resupplied with food and oxygen, fetal blood inside the placental branches flows into the umbilical cord and into the belly of the fetus. In the other direction, the placenta sends out fetal waste, but this is not all. It also pours a host of hormones and other chemical signals into the free-flowing fountains of maternal blood. These are then carried into the mother’s body. By the third month of pregnancy, they initiate inconspicuous but fundamental changes. Some of them alter metabolism and tinker with cardiac functioning. Some of them quietly redirect blood flow. (Eventually, the uterus will receive fifty times more blood than it did before pregnancy, and the pregnant woman’s total blood volume will increase by a third.) One placental hormone begins preparing the breast for lactation. Another shuts down the ovary’s corpus luteum; beginning in the third month, the placenta takes over progesterone production. Still other placental hormones alter the structure of the mother’s own hormones so they come to sere slightly different purposes. In all cases, a pregnant woman aids and abets her own infiltration. It is she who provides the cholesterol that the placenta  then rearranges into various steroid hormones. These are then released back into her bloodstream to trigger the above-mentioned changes.

The result is that I feel subtly hijacked. There are a few visible changes. Although my uterus is still contained within the bony cradle of the pelvis, my belly is thickening and softening, as though I were subsisting on a diet of coconuts and avocados. Also, my nipples re darker, bumpier, and when touched, feel electrically charged. Then there are the hidden changes. The pace and depth of my breathing feels different. And I’m aware of the way my pulse rate changes when I stand up, as though my heart were receiving messages of a slightly altered frequency. My balance is off. All these changes can be explained by placental hormones. One of them, for example, loosens joints in preparation for childbirth. This probably accounts for the slight wobble I feel in my hips as I walk.

There are a number of things that cannot yet be explained. One is how the placenta avoids tripping the silent alarm that alerts the mother’s immune system to the presence of an intruder. The placenta is made up of the cells of two individuals—indeed, it is the only mammalian organ with this characteristic. In that sense, it is like the lichen growing here in the furrows of maple bark. Part fungus, part algae, lichens represent a symbiosis so complete that the two organisms are, for all intents and purpose, one creature. Likewise, a placenta is an intertwining of mother and child in the closest kind of embrace biologically possible. Yet, because the child’s portion of the placenta is made up of cells genetically different from those of the mother, it should be identified as non-self by the mother’s body and rejected, like any other implanted tissue. Why it is not is a question earnestly pursued. Both cancer researchers and those who oversee organ donations have a stake in the answer. Invasive tumors can also evade immune detection. We wish they couldn’t. Grafts and other transplants cannot elude surveillance. We wish they could. Deciphering the placenta’s relationship with the maternal immune system may help solve both these problems.

The other mystery is why placentas of diffe- rent species all look so different. Those who study comparative anatomy marvel at how variable this organ is. Even closely related mammals can have placentas of wildly dissimilar anatomies. This observation is unexpected because most structures vital for survival are modified slowly  throughout the Sturm und Drang of natural selection. Once a workable placenta evolved, its basic form should have been conserved. And yet, the Rhesus monkey, which also experiences a twenty-eight-day menstrual cycle, has a placenta that rests lightly on the surface of the uterine lining, never burying itself into the underlying tissues. Furthermore, it is heart-shaped. Other monkey species—along with horses, pigs, and sloths—have diffuse placentae in which the entire fetal pouch is attached to the uterine wall in a kind of theater-in-the-round arrangement. By contrast, a pregnant cat, dog, or elephant nurtures its babies with a band that encircles the gestational sac like a seat belt. Sheep and cows have tufted placentas. Humans have simple, round placentas whose point of attachment is restricted to one area of the uterine lining. So do apes, armadillos, hamsters, and vampire bats.

By month three of pregnancy, a human placenta is two inches in diameter. The attached umbilical cord is about four inches long. It will eventually grow into a curly, twenty-two-inch-long, half-inch-wide rope. The placenta will expand into a disc that is eight inches wide and an inch thick and weighs slightly more than a pound—about the size and shape of a single-layer cake. In all species, the placenta is expelled with the fetus during birth. We are the only mammal that does not eat it.

The placenta is a biological mystery. It is an evolutionary shape-shifter. It dodges the mother’s immune system while immunologically guarding the fetus. It is the flat cake that feeds us all. It is another brain that is slowly overriding my own. It is a blood-drenched forest. It is the sapwood of pregnancy.

 



At least three places in the human body possess an ability to block harmful substances from entering areas particularly sensitive to toxins. One is in the brain. One is in the testicle. One is in the placenta. These barriers are all functional rather than anatomical. That is, no special wall, ditch, moat, or partition stands between, say, brain cells and the capillaries that feed them. There are only the usual cell membranes, but these membranes are specially equipped with ion pumps and other microbiological gadgets that allow them to exert some control over which blood-borne molecules are allowed to pass through them.

The placental barrier is located in the skin of the placental branches. It consists of a four-layer, semipermeable membrane  interposed between maternal and fetal circulation. When we say something crosses the placenta, we mean it passes through this membrane. Inside a placenta are only capillary-filled fetal branches soaked by spumes of mother’s blood. That’s it. The placental barrier does an admirable job of keeping out bacteria, which are usually too large to pass into the placental branches. Those that do slip by are swiftly dispatched by special immune agents called Hofbauer cells. Also, certain adrenal hormones not needed by the developing fetus are deactivated by placental enzymes.

When it comes to toxic chemicals, however, the placenta is not really a barrier at all. Chemical substances carried in the mother’s circulation are sorted by the placenta primarily on the basis of molecular weight, electrical charge, and lipid solubility. In other words, small, neutrally charged molecules that readily dissolve in fat are afforded free passage regardless of their capacity for harm.

Consider pesticides. Those with low molecular weights cross the placenta without restriction. For them, there is no barrier. Pesticides made of bigger, heavier molecules are partly metabolized by the placenta’s enzymes before they pass through, but sometimes this transformation makes them more toxic, placing the fetus at even g reater risk. Or consider mercury, that meddling destroyer of brain tissue. When mercury is attached to carbon, it is called methylmercury. Even if the mother’s blood is contaminated with only trace amounts of methylmercury, the placenta will still actively pump it into the fetal capillaries as though it were a precious molecule of calcium or iodine. As the pregnancy continues, the mercury levels in umbilical cord blood will eventually surpass their levels in the mother’s blood. In the case of methylmercury, the placenta functions more like a magnifying glass than a barrier.

More profoundly, chemicals don’t even have to cross the placenta to cause harm. Some lodge in the placenta and create injury there. For example, nicotine damages the placenta’s amino acid transport system, which is used to ferry proteins from the mother’s blood into the baby’s. This helps explain why the babies of smoking mothers weigh an average of seven ounces less at birth (nicotine also passes through the placenta and in the body of the fetus). Similarly, the industrial pollutants called PCBs alter the placenta’s blood vessels in ways that reduce their flow, and the heavy metal nickel, a component of car exhaust, interferes with the placenta’s  ability to make and release hormones. In short, the placenta not only fails to keep the fetus out of harm’s way, it cannot even prevent itself from being damaged. Like any other living tissue, it is fragile.

So where did the idea of an impermeable, all-protecting placental barrier come from?

Not from the ancients, certainly. Aristotle and Hippocrates both thought that the placenta was the place where the mother’s blood was funneled directly into the fetal umbilical cord. So did Thomas of Aquinas in the twelfth century. All of them were wrong, of course, but their mistake led to the mostly correct assumption that whatever passes into the mother’s body passes also through the placenta. Even in ancient Carthage, newlyweds were forbidden alcohol to prevent damage to wedding-night conceptions. Then, in the fifteenth century, Leonardo da Vinci was among the first anatomists to observe that the blood of the mother and baby do not seem to commingle. Years later, this suspicion was confirmed in a ghastly experiment that involved the injection of melted wax into the uterine artery of a dying pregnant woman. A postmortem examination showed no wax in the fetal tissues. The death of this unfortunate mother gave birth to the placental barrier concept.

Ann Dally, a medical historian, chronicles the misbegotten belief in the impermeable placenta further. By the mid-nineteenth century, the Victorians’ veneration of pregnancy reinforced the notion that the placenta was an unbreachable bulwark, even though by now there was plenty of evidence to the contrary. For man decades, teratologists (those who study birth defects) had been publishing reports on congenital malformations induced in animals by environmental substances. But these studies were not thought relevant to humans or were dismissed because the evidence did not fit prevailing ideas. This kind of denial continued into the twentieth century. By the 1950s, an extensive body of literature documented that fetuses could be harmed by a variety of events experienced by their mothers, such as malnutrition and exposure to x-rays, pharmaceuticals, and certain chemicals. And yet, as Dally recalls from her own experience in medical school, “Medical students were taught that the human placenta gave perfect protection to the fetus and was impervious to toxic substances. . . . There seems to have been an attitude of mind that idealized the womb  and placenta and ignored most of the extensive existing evidence of fetal damage through environmental influences.”

The idea of the impermeable placenta has had a long and ignominious life. Many thousands of women and infants have been harmed because of it. In fact, its ghost still lingers in present-day policies on toxic chemicals; typically, environmental regulators do not consider transplacental effects when setting limits on human exposures. This is maddening because at least four different transplacental tragedies played themselves out in the twentieth century, any one of which should have been sufficient to drive a stake through the heart of the barrier myth forever. The first involved a virus. The second involved a drug. The third involved waste materials from a plastics factory in a Japanese fishing village. And the fourth involved a hormone. Their names resonate like the names of famous battle-fields: Rubella. Thalidomide. Minamata. Diethylstilbestrol.

 



It was not an embryologist who discovered that rubella—German measles—could cross the placenta and maim a human embryo in the early weeks of pregnancy. Nor was it a teratologist. It was an ophthalmologist in Sydney, Australia, heartsick over a run of babies born with congenital cataracts. Perhaps because he was a physician and not a lab researcher, Dr. N. McAlister Gregg’s 1941 report rocked the world of medicine.

Gregg did some careful sleuthing. He noticed the children brought to him for surgery shared similar birthdays, even though their birthplaces were far-flung. In addition to their sightless, milky eyes, they also shared other problems: heart defects, feeding problems, failure to thrive, a susceptibility to sudden death. He then realized that the early period of their gestations corresponded to the peak of a widespread outbreak of German measles in 1940. During that summer, military camps dotted the countryside and served as breeding grounds for a variety of infectious illnesses, which subsequently spread to civilians.

A rubella–birth defect connection seemed improbable. Unlike other forms of measles, rubella is usually a mild disease. But a conversation between two mothers in his own waiting room started him wondering whether the illness might have another personality inside the womb. Both women recounted having had rubella early in their pregnancies. So Gregg began interviewing the other mothers of his  tiny patients. Of seventy-eight mothers, all but ten could recall a bout with rubella in the summer of 1940. He probed further. Even among those who couldn’t confirm having suffered from German measles, it was an outstanding possibility. (“[T]he mother stated that she was kept so busy looking after her ten children that she could not recollect any details of her own health beyond the fact that she was ill at about the sixth week of pregnancy when one of the other children died suddenly from whooping cough. Even though she was ill, she was unable to go to bed.”) Gregg correctly reasoned that fetal exposure to rubella during the time when the eye is forming causes “derangement” of the tissues. As a result, the lens—that little football-shaped prism behind the pupil that focuses incoming light—turns white or smoky instead of becoming transparent. In addition, rubella interferes with cardiac and brain development. It also causes profound deafness.

In 1964, twenty-three years after the publication of Gregg’s landmark paper, a global rubella epidemic erupted that would fill schools for the deaf and blind for years to come. More than 20,000 children were maimed by congenital rubella in the United States alone. Desperate mothers sought legal abortions in Japan, petitioned courts to have them here, or turned to illegal abortionists. Finally, in 1969, the first vaccine was marketed. It was a triumph for public health. Now, thirty years later, rubella is all but unknown. In fact, it has become such a vague and obscure threat that many mothers hesitate to vaccinate their own children against it. The course of the disease being so mild, they wonder why they should bother, forgetting that the point of rubella vaccination is not to spare their children the discomfort of German measles but to prevent them from spreading the virus to newly pregnant women, in whom infection is devastating. We inoculate our babies to keep other babies from ruin.

It occurs to me that Jeff and I are probably among the last generation of prospective parents with firsthand memories of the disease. Jeff’s mother contracted rubella shortly after becoming pregnant for the fifth time. On the advice of her physician—and with his discreet assistance—she ended the pregnancy. “I looked like a strawberry,” she recalls. “And I had four other children to think about.”

To me, rubella is the boy in my Sunday school class who wore thick glasses and hearing aids and laughed at the wrong times. He was always going to the hospital for various operations. Once he  demanded loudly to know whether I was wearing a Kotex, and I complained about him to my mother. She told me about pregnancy and rubella. Rubella. It seemed too beautiful a word to explain what was wrong with Stevie.

Now I call Mom to ask her again about rubella. Did I ever receive the vaccination? She doesn’t remember.

“It went on the market in 1969. I would have been nine or ten.”

“Whenever the vaccine became available in our area, you had it. I would have made sure of that.”

“Well, maybe I didn’t need to. If I’d already had German measles, I mean.”

“No, you never had rubella.”

My mother trained as a microbiologist. I believe her. Anyway, I am asking for reasons of pure curiosity, not out of fear. The blood draw taken at my first prenatal visit shows that I’m immune to rubella. On some ordinary day that neither my mother nor I can remember, I must have been vaccinated against it. Better than a placental barrier, I have antibodies. And all of us pregnant women who were vaccinated against rubella as young girls have an eye doctor who listened carefully to mothers to thank for that.

 



Dr. Gregg’s 1941 study, humbly published in the Transactions of the Ophthalmological Society of Australia, has been hailed as the first to document a causal link between structural human birth defects and environmental factors. Maybe it was, but reading it more than a half century later, I’m more impressed with the part of his message that was ignored. In his paper Gregg warns not only about infectious agents like rubella but about other “toxic influences . . . known to be transmissible transplacentally.” If a virus could cross the placenta and wreak havoc on embryos, then so, potentially, could other materials. To bolster his case, he goes on to mention studies—already published in the medical literature of the time—that implicated a variety of substances. Had the entire scope of Gregg’s warning been heeded, subsequent epidemics of birth defects might well have been avoided.

Like those created by thalidomide.

Sitting at my desk, I have to take a deep breath before opening the books on this topic. I am not a believer in maternal impressions—the old mystical idea that seeing a spotted fish will cause my  baby to have birthmarks or that unhappy encounters with one-legged men will make for lameness. Nonetheless, pregnancy has made me superstitious. My aversion to pictures of damaged children is as strong as my aversion to root vegetables. And I already know that the damage created by the sedative drug called thalidomide is as stark as it comes: babies born with missing ears and lobster-claw hands. Babies with toes growing directly out of their hips. Babies born with only heads and oval, limbless trunks.

But more powerful than my desire to turn away from these images is the need to explore them. I’m inspired here by the underworld investigator in Adrienne Rich’s famous poem “Diving into the Wreck”: woman diver descends alone into the black ocean to find a sunken ship, “to see the damage that was done / and the treasures that prevail. . . . / the wreck and not the story of the wreck / the thing itself and not the myth.” I am a pregnant biologist searching for the voices of mothers and scientists. I want to hear the warnings both heeded and unheeded. I want to know about the lives blasted and the battles fought. I want to find the treasures that prevail. So I open the books and dive in.

Thalidomide is the generic name of a drug first synthesized in Germany in 1953. It proved ineffective for its intended purpose as an anticonvulsant. But then, in 1958, thalidomide was repackaged as a sedative and vigorously marketed, praised by its makers as unusually safe: it didn’t cause hangovers and suicide by overdose was impossible. Physicians soon discovered that it worked to quell morning sickness, and this quality became part of its advertised appeal. Had I been a pregnant mother in 1958, I would undoubtedly have welcomed a prescription.

As we all know now, thalidomide was safe for neither fetuses nor adults. Before it was finally withdrawn from European and Canadian markets a few years later, at least 8,000 children had been born with malformations of the kind that mothers fear most. Thalidomide’s signature birth defect was “reduction limb deficit,” dwarfed or missing arms and legs, especially one wrenching variation on the theme called “phocomelia,” in which the limbs resemble tiny flippers. The damage was more than physical. The birth of these babies wrecked marriages, impoverished families, and crushed mothers under the weight of relentless guilt. In addition to outright deformities, thalidomide also triggered countless miscarriages and stillbirths, and it  often brought on nerve damage in non-pregnant adult users. This is how the U.S. Food and Drug Administration recently described the manufacturer’s original claims for the drug: “It was promoted by its maker as being nontoxic, with no side effects, and completely safe for pregnant women. Not one of these statements was true. In addition to the effect on the fetus, in adults it caused peripheral neuritis, painful numbing of the hands and feet that is often irreversible. . . . There were scientific tests, that, had they been conducted, might have shown thalidomide to be unsafe. The drug companies involved, however, did not perform those tests.”

The tests necessary to prove the maiming powers of thalidomide were in fact performed—but as a vast, unintentional experiment on humans than ran almost four years. In the fall of 1961, a scientist published a paper that implicated thalidomide as the cause of phocomelia in Germany. Almost simultaneously, n Australian obstetrician, William McBride, published a letter in the leading British medical journal, The Lancet, asking whether any other physicians had noticed an epidemic of strange limb deformities in babies born to mothers who had been prescribed thalidomide during early pregnancy. Like the rubella report of his compatriot two decades earlier, McBride’s letter broke a dam of silence. Similar reports began streaming in from around the world, and the drug was swiftly withdrawn from the European market.
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