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APERITIF


Monday, May 13, 1940. It has been eight months since Germany invaded Poland and Winston Churchill has a formidable task ahead of him: he needs to convince those elected by the people to the House of Commons that he is the right man to assemble the British government in the war that lies ahead. The prime minister promises to do his very best and is willing to give it his all. “I have nothing to offer but blood, toil, tears, and sweat,” he says with gravity in his voice, members of Parliament rallying around him.


The quote was later simplified to “blood, sweat, and tears.” Churchill had perhaps no more bodily fluids to offer. I do.


In the pages to follow, I have pimple pus, breast milk, semen, and urine on offer, along with bone marrow, spinal fluid, intestinal fluid, and mucous. It will be surprising, and it will be serious. It will be entertaining, informative, and probably a little embarrassing, because there is no escaping the fact that the body can be awkward. Many will say that the body is, above all, something of a mess. They are right. Bodily fluids are gross and intimate.


But they are also fascinating and complex.


Fluids are a big part of life, and of the body itself. A person who weighs around 150 pounds contains as much as ten gallons of water. Most of this water is well hidden in the organs and on the inside of each cell, but up to one and a half liters of blood, tissue fluid, spinal fluid, and urine flow freely underneath the skin.


You are perhaps wondering how many bodily fluids are actually in the body. For a short list that is easy to remember, the answer should be between five and ten. There can’t really be that many fluids in one body, can there?


It turns out, however, that nature is more complex than you would think. The human body is, after all, the result of evolution over millions of years, so it should not come as a surprise that its solutions are complex. Even though fluids are, to put it very simply, water with some other stuff, it is much more than nuance that separates blood and urine from semen and tears. But the fact that the list includes more than fifty different bodily fluids is both overwhelming and impressive, as well as pretty interesting.


Blood, Sweat, and Tears, and All the Others


One of the reasons why the list is so long is that some of these fluids can be divided into smaller parts. Just as semen can be divided into different fluids made by different glands, so it is with everything that flows in the intestines. Because of their different location, function, or anatomical position, fluids get a different name and number even though they, in certain cases, are very similar to each other.


Complexity makes it so that my list probably includes a few more fluids than you would find in more conservative reference books. And, perhaps, new bodily fluids will eventually appear as we obtain an even more detailed knowledge about our bodies.


For the time being, blood (fluid number 1) is the obvious celebrity among bodily fluids. This is not without reason, as blood both repulses and attracts, symbolically and scientifically.


Blood transports oxygen and nutrition to all the cells, returns with waste, and protects the body against danger. Blood also transports information over long distances, such as messages from the brain or the sex organs that change is occurring. Blood also transports body heat and local energy produced by the heart and internal organs, and it transfers warmth to fingertips and earlobes.


For researchers, blood is not just blood. Blood without red and white blood cells is called plasma (2), a yellow fluid that makes up about half of blood volume. Blood that also lacks coagulation factors is called serum (3). Blood, plasma, and serum are nuances of the same blood, but in detailed reports for educated healthcare personnel, three different bodily fluids are calculated.


All blood is made in the bone marrow (4), a fluid located in our skeletal cavities. Bone marrow is distinct from blood in that it is full of stem cells, bone cells, connective tissue, and fat cells.


A typical body has around half a liter of urine (5) in the bladder and up to about two and a half gallons of tissue fluid, also called lymph (6), dispersed throughout. Tissue fluid surrounds all the cells in the organs and excess fluid is transported back to circulation through the lymphatic system. The lymphatic system is a large network for transport of water, immune cells, and waste; it contributes to the balance of fluid in the body. Tissue fluid keeps the cells healthy and clean and maintains moisture in all the parts of the body.


Every day, two and a half liters of fluid go in and out of the body. Water disappears as sweat (7) and steam with each exhalation; the water must be replaced through food and drink. It starts in the mouth, where resting saliva (8) keeps the mouth clean and fresh. When the jaw begins to chew food, enzymes in the activated saliva (9) help to break down food. Also, in the mouth, nose, and throat, mucous (10) protects surfaces; in the event of an infection, it thickens and fills with dead immune cells, which we call nasal mucous (11). The throat has its own mucous, also called phlegm (12), which helps to keep the respiratory tract free of intruders and particles.


Bodily fluids handle food and drink as if they were on an assembly line. First, gastric acid (13) goes to work in the stomach; if the food comes back up, we call it vomit (14), but for the most part, the food moves on to the small intestine where it is named chyme (15). Here, the pancreas supplements with both a neutralizing fluid (16), which halts the effect of the gastric acid, and bile (17), which breaks down fat; the dissolved fat in the food is called chyle (18) when it has been mixed with lymph. Intestinal juice (19) from the wall of the small intestine makes the mixture of food even more fluid on the way down. Finally, the bowels absorb most of the water, so a normal poop contains only a little fluid. Stool can sometimes be full of water, which we call diarrhea (20).


Many of the over fifty bodily fluids carry out very specialized tasks. The job they do is needed only in one specific place in the body, and we rarely see it. Many would be surprised to know that four fluids in all are hidden on the inside and outside of the eye: the fluid inside the eyeball (21), the fluid between the lens and the cornea (22), the tear fluid that moistens the exterior of the eye (23), and the fluid that hardens into a yellow spot in the corner of the eye every morning (24).


Several of our organs have drops of fluid that protect and lubricate surfaces, collectively called serous fluids. They are not all alike, and usually they are produced by cells in the tissues that require extra protection. Sebum (25) and earwax (26) are both viscous fluids that protect our exterior.


Spinal fluid (27) bathes the brain and spinal cord; a fluid in the ear bathes the sensors of the vestibular system (28), while fluid in the pericardium (29), fluid between the double membrane that surrounds the lungs (30), and fluid in the abdominal cavity (31) each bathe their own organ in the upper body. Joint fluid—also known as synovial fluid—protects the bones and makes a noise when you crack your knuckles (32).


If you injure yourself, small drops of wound fluid (33) will drip out before dead immune cells and a bit of water appear as a yellow-colored pus (34). The skin underneath can also get swollen and painful when fluid from the blood (35) streams to the injured area.


Men have a handful of glands in the reproductive organ that produce fluid. Under the foreskin of the penis are small glands that produce smegma (36), a thick, whitish fluid also nicknamed “dick cheese.” Located beside the prostate are two small glands that produce pre-ejaculate (37), small drops that lubricate the head of the penis. Fluid from the prostate (38) and fluid from the seminal vesicles (39) are contributed as important ingredients in semen (40). Newly produced sperm bathe in their own fluid (41) while they wait their turn.


In women, glands in the cervix produce discharge (42), which also increases in amount during intercourse. Some women can also ejaculate (43), though researchers do not all agree on where it comes from, or what it is. Fluid in the fallopian tubes (44) allows the egg to surf down to sperm that are possibly waiting, but if the egg is not fertilized, it is excreted with menstrual blood (45).


In the event that a baby is created in all these fluids, the fetus lies there for nine months, drinking and peeing in the amniotic fluid (46). For the first weeks, the fetus receives help from fluid in the yolk sac (47) to produce blood.


Specialized fluids play an important role for the fetus. A few drops of surfactant (48) in the lungs ensure that the organs develop in the way they are supposed to. On the outside, the skin produces a fatty oil called vernix caseosa (49). Large medical encyclopedias explain that this fluid has a consistency comparable to that of a cheese spread, and that the white cream allows for smooth transport through the birth canal.


The newborn baby drinks the first milk from its mother’s breast, called colostrum (50), before being nourished by breast milk for the first few months of its life. On the outside, the first poop is black and sticky, a stool containing swallowed amniotic fluid, dead intestinal cells, and fluid from the bowel, collectively known as meconium (51). For several weeks after giving birth, the mother experiences a discharge known as lochia (52), which contains blood, wound fluid, and mucous membrane remains.


When we die, our bodies become fluid in the end. After cells break down and bacteria consume all they can find of food remains or internal organs, we seep out of the casket as corpse fluid (53) and become a part of nature.









LIFE—BLOODY SERIOUS


If Ingrid Lunde robs a bank, cuts her finger, and leaves behind a few drops of blood, it is not certain that she will be the one who gets the blame. This is because Ingrid’s bodily fluids are not like those of other twenty-year-olds.


It starts in the spring of 2016 with a long-lasting throat infection, symptoms resembling those of mononucleosis, and then a sinus infection in her senior year of high school. In August she injures her knee and misses out on her military service as a result, a dream she has had since she was small. At the last minute, she decides to spend a year at a Norwegian folk high school.


Two and a half weeks later, an accident occurs in which Ingrid takes a volleyball at high speed right in the temple. She is dizzy and nauseous as a result. In the emergency room, the doctor concludes she has a concussion and tells her to take it easy for a few days.


Ingrid travels home to Fredrikstad and lies down in her room with the curtains shut, without the strength to do anything other than wait. Two, and then three, weeks pass but the nausea and headache do not. It must be something more than a volleyball and a concussion. At Østfold Hospital they first take some simple blood tests; later they take several more tests that are more extensive.


She is admitted to the hospital, where more of her blood is drawn, as well as bone marrow. The doctor makes a careful conclusion: “You have a serious blood disorder. Most likely cancer.”


Ingrid needs new bone marrow.


They Have a Plan


When blood in the arteries isn’t doing what it’s supposed to, such as in patients with leukemia, a transplant of new bone marrow is a good—though extensive and risky—course of treatment. In the new bone marrow, the patient receives a new blood cell factory—one without dangerous cancer cells.


In the middle of November 2016, Ingrid travels to Oslo University Hospital. All the extra tests have finally come back; the doctors confirm that Ingrid has a special kind of leukemia called acute myeloid leukemia. It is dangerous, but the doctors have a plan.


The oncologist takes time to speak with Ingrid and her parents to explain the program for the coming weeks. He draws up plans for chemotherapy, recovery time, and alternative directions for treatment. They know where to start and have no time to lose.


The same day, Ingrid has an operation to implant a plastic tube known as a central venous catheter, which goes into the right side of her rib cage, an inch under her collarbone. Inside her body, the lines meet her veins, and the catheter makes it possible to send fluid directly into her bloodstream.


For the first seven days, the doctors pump Ingrid’s body full of chemotherapy drugs, around the clock, for the entire week. The drugs kill all the cells that are quickly replicating. Many of the cancer cells die, as do the cells that make hair, as well as many of the cells that make mucous membranes in her mouth and intestines.


After a round of chemo, they check her bone marrow for signs of cancer. Ingrid cuts her hair and hopes that it will give her good karma so that she can go home before the next round of chemo. But the test results are not as the doctors hoped: Ingrid is immediately put on round number two of chemo.


This time she develops a host of side effects: the skin on her hands and feet peels off and it is impossible for her to write, to brush her teeth, or to walk. At night she sleeps with ice gloves on her hands. She experiences an outbreak of herpes and is isolated in her little white room with a bed, TV, and bathroom. Christmas comes and goes, a difficult ending to a difficult year.


On the first day of 2017, however, there is good news: her immune system is making a comeback. Seven days later, Ingrid goes home.


Millions of Stem Cells


Ingrid has a younger brother who is a match for being a bone marrow donor, but before she can receive new bone marrow, she needs a third round of chemo. The goal is to destroy her own bone marrow by filling her body full of drugs for six days, followed by a one-day break, and then the transplant.


The same day that Ingrid is lying ready in a room at Oslo University Hospital, her younger brother is lying in a bed at the Radium Hospital. He is under general anesthesia while doctors remove one and a half liters of bone marrow from his hip bone. Three hours later, the bodily fluid is with Ingrid. A nurse connects the bag to the tubes on her chest and millions of stem cells from her younger brother find their way to his sister’s skeletal cavities, all on their own.


It takes time for the cells to start making new blood and new immune cells—a risky period for Ingrid. What if her body doesn’t accept the foreign cells, even though they came from a young man in her family? “Things could have gone very badly,” she comments when we meet six months after her treatment.


While Ingrid waits for an answer about whether her new bone marrow is doing what they hoped, she battles tough aftereffects of the chemo: she throws up every single day for the whole month of February; her appetite is gone; the nausea is back; her lips and cheeks swell up; and she has big canker sores in her mouth. She is in pain and presses gently on the morphine pump.


Doctors and nurses are also waiting for Ingrid’s body to react to the new and foreign bone marrow. A reaction to donor tissue is known as a graft-versus-host reaction and it varies from moderate to life-threatening. The doctors want Ingrid to have a mild reaction to the foreign tissue; that way they can control how the new immune system works in tandem with her body.


Ingrid receives an extra dose of immune cells from her younger brother a few months later. A replenishment does the trick, and a period of “seriously squirting diarrhea” indicates that the intestinal immune cells are trying to stabilize. Later, the doctors also think that the immune cells and her lungs are at war with each other, but it turns out to be simply a lung infection. Ingrid has dry mucous membranes and low energy; her immune system is still a work in progress. “Last week I had thrush in my mouth. Constantly, there’s one side effect or another from the disease and everything I’ve been through,” she says.


Something More than Before


Ingrid is at high risk for a relapse and the hospital follows up with her almost every week. She has received the best and the most intense treatment for leukemia, profiting from a long series of medical breakthroughs. Without the in-depth knowledge of how blood and bone marrow operate, how cancer forms and threatens patients’ lives, and how chemotherapy and a new bodily fluid can be lifesaving, Ingrid would not have had the hope that she does now; even though the long-term effects will have an impact on her daily life going forward, she is both free of cancer and in good health.


She is happy to be active and to lead the normal life of a twenty-year-old: “I have to just live. I can’t wait until I get old.”


There is also something more to Ingrid now than before she got sick: through her veins flows blood made from her brother’s stem cells. They have the same bone marrow, which produces blood with the same genetic material. So, if she robs a bank, cuts her finger, and leaves a few drops of blood behind, it’s not certain that she will be the one who gets the blame.


“I think it’s kind of cool,” Ingrid chuckles. “That it’s his bone marrow that kept me alive. It’s pretty fascinating.”









SPILLAGE—A BODY FULL OF FLUIDS


Two thousand years ago it was believed that there were only four bodily fluids: blood, mucous, and yellow and black bile. Now there are over fifty bodily fluids on the list, a result of comprehensive observations and new discoveries over long periods of time. The path toward the modern view of bodily fluids involved profound theories about life—and a lot of spillage.


In the Beginning, There Were Four


Physicians Hippocrates and Galen believed that four different fluids gave life to human beings. Blood was the source of vitality, and yellow bile in the stomach was necessary to digest food. Mucous was comprised of the clear fluids that cooled and moistened the body, while black bile was only visible when it colored the other fluids, such as in black stool, dark blood, or discoloration of the skin.


Hippocrates is considered the father of modern medicine; he lived from 460 to 377 BC. Galen, the son of an architect, lived from 129 to 216 AD; he believed that medical science, in addition to curing patients, needed to include logical, physical, and ethical thinking. The two left behind hundreds of articles about health, disease, philosophy, and nature, greatly impacting society.


The four fluids had clear parallels to the elements of nature, and the similarities to fire, air, soil, and water explained in elegant fashion how fluids made the body warm, cold, dry, and sweaty. Blood was akin to air and made the body warm and wet, such as during bouts of fever or the sensation of a warm summer wind on the face; yellow bile was warm and dry and resembled fire; mucous was like the cold and wet water, while both soil and black bile were cold and dry.


An ideal body contained a balance of the four fluids, also called cardinal fluids. Since each of the cardinal fluids had its own effect on the body, the variation in fluid balance could also explain the variation between people. Red cheeks or a sweaty brow were the body’s way of trying to balance the cardinal fluids.


Body shape was also a result of fluids. Those with an overabun-dance of mucous were often fat, while those with too much yellow bile were thin and fragile. From here it was a short leap to using cardinal fluids to also explain personal, albeit stereotypical, traits.


The theory of cardinal fluids is also known as the humoral theory, a word with etymological roots demonstrating the cultural influence of the view of the four fluids. The Latin word humor stems from humidity or fluid, while the word temperamentum depicts a mixture (of liquids) in appropriate proportions (to each other). To be in a particular mood or to have a certain type of temperament are still concepts that characterize who we are or how we behave, even if the biology behind the word is not compatible with modern medicine.


An excess of blood produced an easy-going, cheerful, and bubbly person—a so-called sanguine—while a melancholic person had too much black bile and was gloomy and dreary as a result. Those with too much of the yellow bile—the cholerics—were aggressive and irritable, while those with an excess of mucous—the phlegmatics—were sober, calm, and sometimes rather slow.


The four cardinal fluids provided understandable explanations for everyday bodies, and Hippocrates and Galen expanded the framework to also explain why people got sick. Patients simply had an imbalance in their bodily fluids. Too much blood caused bouts of fever and sweating, while too little blood resulted in a loss of color and energy. An excess of gastric acid, mucous, or black bile caused specific symptoms that doctors could connect to an imbalance in fluids.


Galen suggested that the symptoms would disappear if doctors intervened and corrected the fluid imbalance. Nutritional guidance would ensure that the fluids were kept in check, but sometimes procedures or small operations were necessary. Since an increase in body temperature was the result of an excess of blood, blood-letting was a logical treatment for the symptom of fever. A needle was inserted into a vein in the armpit and blood flowed out of the patient into a tub.


Bloodletting never went out of fashion and many hundreds of years later, the procedure was still the standard treatment for every symptom that could be explained by an excess of warm blood. An adult has around five liters of blood but can survive if he loses about two liters, provided that this does not happen too quickly. From time to time, however, bloodletting would go wrong, and even some well-known people died from the so-called treatment; for instance, the English king, Charles II, died in 1685 of bloodletting as treatment for a sore foot. Napoleon survived having his blood let, but historians believe that a loss of over two liters of blood from bloodletting contributed to the death of President George Washington in 1799.


Blood going astray was much more common in previous times than it is today. However, it would take a long time before anyone understood how blood was transported around the body.


One-Way Journey


Galen was a doctor for the gladiators and got up close to numerous bleeding bodies. The blood that ran from large, open wounds was either red or purple, and the doctor understood that red and purple blood were not the same. He did not understand, however, what this difference meant. Now we know that red, oxygen-rich blood is on its way out into the body via the arteries, while the purple, depleted, and low-oxygen blood is on its way back to the heart via the veins.


To obtain more information about the inside of the body, Galen carried out dissections of apes, sheep, pigs, and goats. His discoveries from animals were not always correct when he transferred his ideas to people.


Galen thought, among other things, that all blood was produced in the liver. From the liver, the blood set out on a one-way journey through the arteries, was used up, and disappeared out of the body. He believed that the liver’s job was to continually make new blood that could supply muscles and organs.


Galen’s conclusion was not in line with reality, but no one dared ask questions such as the following: How did the liver, a six-inch-long organ that weighed a pound, manage to produce liters of new blood every single day for seventy years?


The answer would have to wait for hundreds of years. No one was looking or double-checking that the liver was producing new blood at record speed or asking questions about whether there were only four fluids in the body. No one was doing experiments to find out how the blood was getting from the liver out to the arms and legs. For long periods of time, it was monks and priests who filled the role of physician, and because laws and religion limited the opportunities to dissect human corpses, new knowledge about the fluids inside the body was slowed down.


Nearly 1400 years would pass before anyone dared to contradict the views of Hippocrates and Galen on cardinal fluids. When it did finally happen, with the dawning of an interest in observation-based knowledge that characterized the sixteenth century, the discoveries became a snowball of new knowledge that continues to roll today.


The Grave Robber


Andreas Vesalius took drastic measures to get answers to the big questions about what was hiding inside the human body. The Belgian doctor claimed that he stole newly buried bodies and cut down hanged criminals to have something to dissect.


Historians in recent years have moderated the spectacularism of Vesalius’s expeditions. Most likely, it was a lot more common to dissect human corpses than how it was portrayed by Vesalius at the time: in the middle of the night he would sneak around local cemeteries, collect body parts, and then carry them back to his laboratory.


Despite the exaggerated depiction of Vesalius as a grave robber, his discoveries are an important milestone in the history of bodily fluids. The new findings were published in 1543 in seven volumes under the title De humani corporis fabrica (On the fabric of the human body). The books contained detailed descriptions with text and drawings and are an extremely precise and nearly complete reference work about the human body.


Vesalius noticed that both veins and arteries came out of the heart, just as Leonardo da Vinci had seen a hundred years earlier. Their illustrations show a detailed map of where the various components of blood circulation belong. They both understood how central parts of of the puzzle pieced together, but not that the heart was a pump.


The nighttime expeditions of Vesalius were not in vain. At twenty-three he became chief surgeon at the foremost medical school in Europe, just outside of Padova, Italy. Here he built a very important foundation for further discoveries during the sixteenth and seventeenth centuries. Vesalius’s goal was to give anatomy instruction a prominent place in the curriculum of a new generation of students, among them William Harvey from Great Britain.


An Islamic Golden Age


In 1597, Harvey moved to Padova to study anatomy. He was a quick learner and saw connections that none of his professors could explain. As early as 1603, Harvey dared to draw the first ground-breaking conclusions about blood circulation based on experiments on live animals: “Movement of the blood occurs constantly in a circular manner and is the result of the beating of the heart,” he wrote. The sentence was the beginning of a breakthrough, the start of finally understanding how blood moved around the body.


Blood circulation in us humans is like two laps on a roller coaster, with both laps starting and finishing in the heart. The first loop exits from the right side of the heart, goes through the lungs to pick up oxygen, and then back to the left side of the heart. The next loop exits the left side of the heart, goes out to the whole body via the arteries, through the capillaries into all the tissues, and then back to the right side of the heart via the veins. The blood has then arrived back to the start, ready for two new laps.


Some biologists describe the human heart as two hearts functioning as a single organ. The right side pumps blood out to the lungs and the left side pumps blood out to the body. Easy to understand when one has the answer, but very complex when trying to understand it from dissecting half-rotted animals or buried criminals.
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