Cycle: A Simulation of the Menstrual Cycle and Human Fertility





An Overview of Cycle


Cycle is a computer simulation that illustrates some of the basic features of the human menstrual cycle and female fertility.


Cycle can be used both as a competitive game and as a data generator on which experiments can be based. In the game, you use data on hormones, follicle size, and other indicators to advise a woman as to the time during her menstrual cycle when sexual intercourse can result in pregnancy. You receive points for giving correct information that will enable the woman to avoid becoming pregnant. If you indicate that pregnancy can occur, the woman avoids intercourse. If you predict that pregnancy cannot occur at a particular time, intercourse may take place. You receive points for correctly predicting when it is “safe” to have intercourse; you receive no points for indicating that intercourse should be avoided. Therefore, the less you warn that pregnancy is possible, the more points you will receive. However, if you predict that the woman can engage in intercourse at a time that is too close to ovulation, a pregnancy will occur and you will suffer a large point penalty. So the highest scores will be compiled by the user who can predict the time of ovulation as precisely as possible.


Knowing the time of ovulation is not simple. There are four levels of difficulty in Cycle.


Level 1	The cycles are always 29 days long and you will be given data on all hormones, basal body temperature, and the development of the follicle. Predicting ovulation on level is very easy. Points (and penalties) are awarded at the “base” rate.


Level 2	Provides the same data as level 1, but the cycles are variable in length and, in some, there is no release of an ovum. But by using hormonal patterns and the size of the follicle, the observant student can still operate nearly error-free. Points and penalties are awarded at one and a half times the base rate.


Level 3	More realistically, the cycles vary in length, and only data on basal body temperature and menstrual flow will be available to you. Points and penalties are awarded at four times the base rate.


Level 4	The cycles vary in length and you will have access only to data on menstrual flow. This is nearly useless as a predictor of ovulation, so disaster will befall the score of any user who is not extremely cautious. Points and penalties are given at six times the base rate.


	In this laboratory exercise you will use Cycle as a game (Exercise A) and as a demonstration of the effect of birth control pills (Exercise B). However, before proceeding, you will find it helpful to review some of the features of the menstrual cycle by examining Figures C-1 to C-10 and by reading pages 2 through 7.
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Figure C-1  The development of follicle within an ovary. After a secondary oöcyte is discharged from a follicle at ovulation, the remaining cells of the follicle give rise to the corpus luteum, which secretes estrogens and progesterone.





The Menstrual Cycle and Its Fertile Period


The menstrual cycle is the recurring hormonal oscillation that usually causes a woman to produce one ovum per month from her ovaries. The two main purposes of the cycle are to produce the hormonal environment that will allow the ovum to develop, and to prepare the lining of the uterus (the endometrium) to nurture the zygote if fertilization occurs. If fertilization does not occur, then the endometrium breaks down and approximately 40 ml of fluid are shed from the uterus over a five-day period. Although “menstrual flow” is the most obvious part of the menstrual cycle, it is only a “side effect” of the cycle’s function: to prepare and release an egg, and to ready the uterus to receive a zygote.


A woman can become pregnant only during a brief period during her cycle. The egg, or ovum, has good fertility for only a few hours after ovulation (its release form the follicle), and by 24 hours after its release, it is incapable of being fertilized. In calculating the fertile period, however, we must also consider the fact that sperm deposited in the female reproductive tract before ovulation could fertilize the egg as it is released. Sperm can live for up to four days in the oviducts, although their fertility only remains high for about 24 hours. This means that intercourse from four days before ovulation to one day after it might cause a pregnancy.


However, restricting sexual abstinence only to this five-day period cannot guarantee that pregnancy will not occur because cycles vary in length. The period from the beginning of menstrual flow to ovulation (the release of an egg from a follicle of the ovary) is especially variable due to “fast” or “slow” development of follicles and varying levels of stress, which can change the secretion rates of follicle-stimulating hormone (FSH) and luteinizing hormone (LH). The part of the cycle between ovulation and the beginning of menstrual flow is controlled by the degeneration of the corpus luteum—a progesterone- and estrogen-secreting structure that develops from the ovarian follicle just after it has ovulated. The corpus luteum has a genetically programmed life-span of about 14 days. The “typical” menstrual cycle is 28 days long, but cycle lengths varying from less than 18 days to more than 45 days have been reported.
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Figure C-2  The menstrual cycle involves changes in hormone levels, in structures at the surface of the ovary, and in the uterine lining. The cycle begins with the first day of menstrual flow, the shedding of the endometrium that lines the uterine wall. The increase of FSH and LH at the beginning of the cycle promotes the growth of the ovarian follicle and its secretion of estrogens. Under the influence of estrogens, the endometrium regrows. The sudden rise in estrogens just before midcycle triggers a sharp increase in the release of LH from the pituitary, which stimulates the release of the oöcyte (ovulation). Following ovulation, LH and FSH levels drop. The follicle is converted to the corpus luteum, which secretes estrogens and progesterone. Progesterone further stimulates the endometrium, preparing it for implantation of the embryo. If pregnancy does not occur, the corpus luteum degenerates, the production of progesterone and estrogens falls, the endometrium begins to slough off, FSH and LH concentrations increase once more, and the cycle begins anew.
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Determining the Time of Ovulation


Cycle will offer you the opportunity to view graphs of changes in eight variables throughout the course of the menstrual cycle: follicle diameter, estrogen, progesterone, LH, the thickness of the uterine lining, basal body temperature, and menstrual flow (Figures C-3 to C-9). Review this material, and consider how you will use these graphs to predict when ovulation is about to occur.


Follicle Diameter 	During the two weeks before ovulation, the follicle grows from pinhead size to more than 20 mm in diameter, bulging like a blister from the surface of the ovary. Then, it releases the ovum and, under the influence of luteinizing hormone (LH), changes within a few days to a new and different structure, the corpus luteum, an endocrine gland that secretes abundant amounts of estrogens and progesterone.


If the ovum is not fertilized, levels of LH decline, the corpus luteum degenerates, and menstrual flow begins. If a pregnancy occurs, the corpus luteum persists for about three months, producing estrogens and progesterone until the placenta is sufficiently developed to produce the high levels of these hormones required in pregnancy.


Ovulation determines the fertile period of the cycle. The egg begins to lose fertility just hours after its release, and by 24 hours only a few eggs can still be fertilized. In addition, sperm can live in the female reproductive tract for up to four days, although their fertility is much higher in the first day after intercourse. This means that pregnancy is possible (if intercourse occurs) from 96 hours before to 24 hours after ovulation. This fertile period is shaded on Figure C-3. As you can see, the ovum is released just as the follicle has attained its maximum diameter.





Figure C-3  Screen display of follicle diameter over the course of a 29-day menstrual cycle. The period during which the woman can become pregnant is shaded.
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Estrogens 		Estrogen concentrations rise sharply through most of the follicular phase as the follicle grows, but then they drop sharply approximately two days before ovulation (Figure C-4). One explanation is that up until this point, several follicles may have been developing almost simultaneously, but now, the smaller follicles are suppressed by the one that will mature during this cycle.
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Figure C-4  Screen display of estrogen levels over the course of a 29-day menstrual cycle. The period during which the woman can become pregnant is shaded.
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The estrogen level is very useful to you because it provides good advance warning of ovulation. After ovulation, estrogen concentrations rise as the corpus luteum develops and secretes this hormone. If fertilization of the ovum does not occur, the corpus luteum degenerates, and estrogen levels decline. Monitoring levels of estrogens can inform you of the timing of many of the important events of the menstrual cycle.





Figure C-5  Screen display of luteinizing hormone levels over the course of a 29-day menstrual cycle. The period during which the woman can become pregnant is shaded.
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Luteinizing Hormone (LH) 		Luteinizing hormone, together with follicle-stimulating hormone, is involved in the maturation of the ovarian follicle. On its own, LH triggers ovulation and stimulates the production of estrogens and progesterone. Looking at the graph in Figure C-5, you may decide that the spectacular surge of luteinizing hormone preceding ovulation is one of the clearest indicators that ovulation is about to occur. This is true, but the LH surge occurs too close to ovulation (less than 24 hours before it) to be useful as an advance warning. If intercourse is avoided beginning at that point, residual sperm from intercourse that had occurred just previously would be likely to result in a pregnancy. LH remains nearly constant during the rest of the cycle, generally falling when estrogens and progesterone are high and rising again when they are low, illustrating the negative feedback relationship between LH and these hormones.


Progesterone 		Progesterone, the “hormone of pregnancy,” is not very helpful for predicting the time of ovulation. During the follicular phase of the cycle (the interval between the beginning of menstrual flow and ovulation) progesterone levels are low. During the luteal phase of the cycle (the interval between ovulation and the next menstrual flow), the developing corpus luteum produces high levels of progesterone, peaking in the middle of this phase (Figure C-6). It is then that the uterine lining builds to its maximum under progesterone’s influence. Progesterone concentrations decline as the corpus luteum degenerates.





Figure C-6  Screen display of progesterone levels over the course of a 29-day menstrual cycle. The period during which the woman can become pregnant is shaded.
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The Thickness of the Uterine Lining 	When levels of estrogens and progesterone are high, the uterine lining gradually builds up (Figure C-7). When these hormones decline as the corpus luteum deteriorates, the lining persists for a few days, and then degenerates and is lost as the menstrual flow. The thickness of the uterine lining is not useful for helping you play Cycle.





Figure C-7  Screen display of the development of the uterine lining over the course of a 29-day menstrual cycle. The period during which the woman can become pregnant is shaded.
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Menstrual Flow 	Menstrual flow, which occurs over about five days, gives no clue about the timing of ovulation (Figure C-8). Although the beginning of the flow signals the beginning of the hormonal and ovarian events of the new cycle, the flow itself is a product of the cycle that has just ended, not the one that is beginning. Because the corpus luteum has a lifespan of about 14 days, the time interval between ovulation and the next menstruation is much more constant in length than the time interval between menstruation and the next ovulation. Thus a woman can usually conclude that her last ovulation was 14 days before the onset of menstruation, but this gives no guidance about when she will ovulate next.





Figure C-8  Screen display of the period of menstrual flow.
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Basal Body Temperature 	The temperature of the body undergoes a daily cycle, with the lowest point usually occurring upon awakening in the morning. This “basal” body temperature is influenced by hormones and can provide a good indication of ovulation. Estrogens, which dominate the follicular phase, depress basal body temperature; progesterone, which increases during the luteal phase, raises basal body temperature. Thus basal body temperature undergoes a small (0.9°F, 0.5°C) rise within a few days following ovulation and remains elevated while progesterone is high (Figure C-9). Since this rise occurs mainly after ovulation, it can help to indicate when ovulation has occurred, but it gives little warning of when it will occur. Basal body temperature can be useful for playing Cycle, because once the rise has occurred, the user can be sure that ovulation is over and the egg is too old to be fertilized. However, the user is still “in the dark” before the temperature rise has occurred.





Figure C-9  Screen display of variations in basal body temperature over the course of a 29-day menstrual cycle. The period during which the woman can become pregnant is shaded.
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Cycle Variability 		While it may seem that all these data would make it easy to accurately predict ovulation, the problem is complicated by the fact that cycles vary in length. In 1968 a large study of cycle length collected data on 30,655 individual cycles. In Figure C-10, you can see that although 80% of the cycles fall between 23 and 32 days, cycles as short as 15 days and longer than 45 days were reported.





Figure C-10  Frequency distribution of the lengths of 30,655 cycles.
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In Cycle, 50% of the ovulations occur on days 14, 15, and 16 after menstrual flow begins, but ovulation could occur at any time from 6 to 24 days after the start of the flow. In addition, 18% of all cycles never produce an egg because the follicle gets too old to ovulate, undergoes degeneration (atresia), and is said to be “atretic.”


A high degree of cycle-length variability is usually not seen over short periods in individual women, but such a model would be realistic over several years in women with variable cycles. Cycle presents a sample of the range of variability.





Exercise A		The Cycle Game


The challenge of Cycle is to balance uncertainty about the time of ovulation with the desire to accumulate as many points as possible. On level 1, cycles are always 29 days long, ovulation is always on day 15, you will have abundant useful data, and points are given at the “base” rate. Thus it is not hard to predict the time of ovulation and avoid pregnancy, but the rewards are not great. On the other hand, on level 4 you will only have data on menstrual flow (useless for predicting ovulation), but you will earn points at six times the base rate.


The key to success is to familiarize yourself with the game on level 1, gather data on cycle length variability on level 2, and then move on to levels 3 and 4 only when you have developed dependable rules on when ovulation may be expected.


As you play Cycle, you will also become familiar with the hormonal patterns of the menstrual cycle. These will be useful to you for predicting the time of ovulation, and you will learn how the hormones work together to produce ovulation. The result will be a better understanding of human reproduction.
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Objectives


Use hormonal and basal body temperature patterns to predict the time of ovulation.


Derive a workable “rhythm method” that will allow successful Cycle play even if cycle length is varying and only data on menstrual flow and basal body temperature are available.


Explain the significance of follicle diameter, estrogens, progesterone, LH, the thickness of the uterine lining, menstrual flow, and basal body temperature in determining the time of ovulation.


Procedure


Start the Cycle program (instructions for installing and running Cycle are found elsewhere).


A brief summary of Cycle’s instructions are found on the left side of the screen. If you need more extensive instructions on how the program operates,  press the Instructions button. If you need a review of the menstrual cycle (most of which has been covered on pages 2-7 above, press the Menstrual Cycle Review button.


Press the Begin button. When the Difficulty Level dialog appears, choose level 1.


The most important information is on the right of the screen: the state of the egg and your current prediction about whether or not pregnancy can occur. As soon as the simulation starts, press the Pause button to pause the simulation.


Note that the pregnancy prediction when Cycle starts is Yes (in the program screen on the line, Can pregnancy occur?). Since it is very early in the cycle and menstruation is occurring, pregnancy cannot, in fact, occur and you are losing an opportunity to gain points. However, ignore this for now.


Press the Resume button to start the simulation again. Before the tenth day of the cycle, select the Follicle Diameter tab to examine the graph of follicle diameter and the Estrogen tab to examine the graph of estrogen levels. Note that the bright cursor is following the expected path for an “ideal” 29-day cycle. Using the follicle diameter display, trace the growth of the follicle toward the size at which ovulation will occur.


When ovulation occurs, “State of the Egg” will change from Developing Follicle to Fertile Ovum. This means that the egg could be fertilized if sperm are present. That egg’s fertility will only last from 6-24 hours and then the “State of the Egg” will be reported as Infertile Ovum.


At the end of the cycle, a message will appear informing you that the cycle has ended. You may now review the cycle by selecting the Follicle Diameter tab to see the history of follicle diameter, the Estrogen tab to view estrogens, the Progesterone tab to view progesterone, and so on.


When you have finished reviewing, press  Begin to bring back the level of difficulty screen. You are ready to begin the next cycle. For the next cycle, you will try to accumulate points without “getting pregnant.” Select level 1 again, and click on the follicle diameter tab to view a graph of follicle development.


Early in this new cycle, pregnancy cannot occur. Press the Change Prediction button. This will change the pregnancy prediction to No, and points will begin to accumulate.


Watch the follicle diameter graph. Well before the follicle reaches its peak size, anc certainly before day 10, press the Change Prediction button. This will change the prediction back to No, and points will no longer be added to your score.


Ovulation will occur. Once “State of the Egg” changes to Infertile Ovum, press the Change Prediction button again. Points will be added to your score again.


Increase your proficiency by using level 2 for the next cycle. View either the graph of follicle diameter or estrogen, and change your pregnancy prediction from No to Yes when the follicle is approaching the size when ovulation will occur or when estrogen is just about to peak, which may occur earlier or later than on level 1.


As you work on level 2, collect data on the dates of ovulation. This will help you develop a safe “rhythm method” for later in the exercise.


When you can play successfully on level 2, move on to level 3. Here you will be able to view only menstrual flow (fairly useless) or basal body temperature. Remember that when basal body temperature rises markedly and stays high, ovulation is past.


Finally, when you feel that you have collected sufficient data on the lengths of the cycles, you may wish to try “flying blind” on level 4. Your instructor may hold a five-minute Cycle competition between lab teams, and playing (safely) on level 4 is the best way to win. However, be careful: a pregnancy on level 4 costs more than 2800 points!


If pregnancy occurs, your score will start decreasing immediately. There is a 33% chance that the zygote will die in the first 12 days after fertilization. If the zygote survives, you will be shown the developmental history of the fetus. After the pregnancy is over, review changes in the levels of estrogen, progesterone, and LH. You can compare differences between the hormonal events of the pregnant and the nonpregnant cycle.


Why is a woman fertile for only a brief period in the middle of her menstrual cycle? _______________________________________________________________________


_______________________________________________________________________


_______________________________________________________________________


Which variable in Cycle (follicle diameter, progesterone, basal body temperature, and so on) is the most useful in helping you to predict the time of ovulation? Why? _______________________________________________________________________


_______________________________________________________________________


The egg remains fertile for about 24 hours after release; sperm can live in the female reproductive tract for four days. How does this affect the length of the fertile period? _______________________________________________________________________


_______________________________________________________________________


Why are observations of basal body temperature of limited use as a contraceptive aid? _______________________________________________________________________


Couples who wish to start a pregnancy sometimes use basal body temperature to determine when to have intercourse. Why would this measure be useful as an aid to conception?_____________________________________________________________


_______________________________________________________________________


Why is it much easier to estimate accurately when a woman’s last ovulation occurred than to predict when the next ovulation will occur?______________________________


_______________________________________________________________________


_______________________________________________________________________


_______________________________________________________________________





Exercise B		The Effect of Birth Control Pills


As was demonstrated in Exercise A, trying to avoid pregnancy by simply avoiding intercourse during a woman’s fertile period is a method fraught with uncertainty, especially when the only information available is menstrual flow. Combination birth control pills, which contain both an estrogen and progesterone, are a more reliable method of preventing conception. These hormones prevent pregnancy by two mechanisms. First, their negative feedback relationship with follicle-stimulating hormone and luteinizing hormone suppresses secretion of those hormones, and thus prevents follicle development and ovulation. Second, the presence of high levels of these hormones changes the character of mucus in the cervix so that sperm cannot penetrate it. This also occurs naturally during nonfertile periods of the menstrual cycle and during pregnancy to help protect the fetus from infection.


The following exercise will simulate the action of the combination “Pill” by allowing you to change the rates of hormone secretion in Cycle.


Objectives


Determine the effect of high concentrations of an estrogen and progesterone on follicle development, follicle-stimulating hormone, and LH, and explain the results.


Procedure


Press the Begin button to go to the Difficulty Level dialog.


Select level 1.


As soon as the cycle starts, select the Experiments tab. This will cause the display of the Hormone Production Rates page on the left side of the screen.


The display shows all hormone production rates as multiples of the normal rate. The screen in Figure CB-11 on the next page shows hormones being produced at the normal base rate.


Change the estrogen rate to 20 (20 times the normal secretion rate of estrogen). Then press the Tab key to move to the Progesterone field and change the secretion rate of progesterone to 50 times normal. Then press the OK button to return to the simulation.


Once back in simulation, check the graphs of estrogen and progesterone and verify that these hormones are at very high concentrations.


Next check the graphs of follicle diameter and LH concentration for differences from the normal, nonpregnant cycle.


Birth control pills are normally only taken for 21 days out of 28, so on day 21 select the Experiments tab again and change the secretion rates of estrogen and progesterone back to normal (rate = 1).


Note the changes in follicle diameter, and LH, estrogen, and progesterone concentrations once the pills are removed.





What is the effect of high estrogen and progesterone concentrations on follicle development? ____________________________________________________________


________________________________________________________________________
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Why does this effect occur?__________________________________________________


________________________________________________________________________


________________________________________________________________________


________________________________________________________________________





High concentrations of an estrogen and progesterone prevent pregnancy. Can low concentrations do the same? Repeat the steps above for estrogen and progesterone concentrations at any secretion rate less than 0.25 times normal. What happens? Why?


________________________________________________________________________


________________________________________________________________________


________________________________________________________________________
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Figure CB-11  The experiment screen, showing how the user has changed estrogen to 20 times the normal secretion rate and progesterone to 50 times the normal secretion rate.��
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Name_________________________	Cycle Worksheet


Section________________________





To answer the questions below, read pages 2-7 of  the Cycle student exercises. Complete this worksheet and bring it to the class period in which the Cycle simulation will be used.





What are the two main functions of the menstrual cycle?

















Why is a woman able to conceive for only a brief period during her menstrual cycle? In a 28-day cycle, when would this period occur?

















What changes in estrogen levels occur during the course of the menstrual cycle?

















Why is menstrual flow of limited use in predicting the fertile period, but is fairly accurate in determining when the last ovulation occurred?

















Distinguish between the follicular phase and the luteal phase of the menstural cycle. Which is more variable in length, and why?�����


If you could predict the exact time of ovulation, for what time period before and after this would intercourse have to be avoided in order to prevent a pregnancy?
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