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CYCLIC CHANGES OF THE VAGINA 

Studies in nonhuman primates indicate that changes in the thickness and integrity of the vaginal 

epithelium affect the transmission rates of HIV-1, but few studies have examined the normal 

variations that may occur in the vagina of normal macaques as a result of aging or changes in the 

menstrual cycle. This study was conducted to determine if differences occur in the thickness of the 

vaginal mucosa with age or menses. Vaginal mucosal thickness was compared in 46 rhesus macaques 

grouped as juvenile (1-3 years old), mature cycling (3-21 years old), and geriatric (> 21 years old). 

Epithelia of mature cycling macaques were also compared at different stages of the menstrual cycle. 

Older females (> 21 years) had the thinnest and least keratinized epithelium of all groups, followed by 

the youngest females (< 3 years). The vaginal epithelium was also thinner in cycling macaques during 

menses compared to the follicular stage. In addition, young, geriatric, or cycling macaques during 

menses had minimal keratinization. We hypothesize that normal physiologic changes in the vaginal 

epithelium of women occur with age and menses, which may affect a woman's susceptibility to HIV-1 

transmission and other sexually transmitted diseases. Also, age and menstrual cycle should be 

considered when designing vaginal transmission experiments in rhesus macaques. 

Vaginal cytology was evaluated weekly over 12 months in 20 adult females Cynomolgus monkeys 

(Macaca fascicularis). After sacrifice of the animals the histology of the ovaries, uterus and vagina 

were studied in different phases of the menstrual cycle. The cytological examination of the vaginal 

smears showed that the superficial cells increased in number towards the middle of the cycle and the 

number of intermediate cells declined gradually. Parabasal cells were observed mainly at the 

beginning of the cycle; they disappeared towards the middle of the menstrual cycle. During the early 

follicular phase, the cells were moderately separated from each other, and during the second half of 

the proliferative or follicular phase, the superficial cells appeared clumped together. Leucocytes were 

usually absent except for at the beginning of the cycle and in the last few days of the late secretory or 

luteal phase. The maturation index of the vaginal smears can be considered as a tool for distinguishing 

the different phases of the menstrual cycle. The microscopic examination of the genital organs 

showed that during the proliferative or follicular phase of the cycle, which corresponds to the 

development of the ovarian follicles, the uterus showed growth of endometrial glands, stroma and 

endothelial cell proliferation with capillary sprouts. Shortly after ovulation and parallel to the 

formation of the corpora lutea, the endometrium enters the secretory or luteal phase, which is 

characterized by coiling of endometrial glands, glandular secretion and the differentiation of the spiral 

artery. The most striking changes in the vagina, is the marked basal cell proliferation and thickening 

of the stratum granulosum during the follicular phase of the menstrual cycle. The histological changes 

observed in the vagina demonstrated a good correlation with the observation on cytological 

examination of the smears. The present study demonstrated that the process of angiogenesis in the 

uterus during the different phases of the menstrual cycle is a multiple phenomenon involving 

proliferation, maturation and differentiation. 

 

CYCLIC CHANGES OF THE BREASTS 

   Breast development is a vital part of a woman’s reproduction. Breast development happens in 

certain stages during a woman's life: first before birth, again at puberty, and later during the 

childbearing years. Changes also happen to the breasts during the menstrual cycle and when a woman 

reaches menopause.  Each month, women go through changes in the hormones that make up the 

normal menstrual cycle. The hormone estrogen is produced by the ovaries in the first half of the 

menstrual cycle. It stimulates the growth of milk ducts in the breasts. The increasing level of estrogen 

leads to ovulation halfway through the cycle. Next, the hormone progesterone takes over in the second 

half of the cycle. It stimulates the formation of the milk glands. These hormones are believed to be 

responsible for the cyclical changes that many women feel in their breasts just before menstruation. 

These include swelling, pain, and soreness. During menstruation, many women also have changes in 

breast texture. Their breasts may feel very lumpy. This is because the glands in the breast are 

enlarging to get ready for a possible pregnancy. If pregnancy does not happen, the breasts go back to 



normal size. Once menstruation starts, the cycle begins again. By the time a woman reaches her late 

40s and early 50s, perimenopause is starting or is well underway. At this time, the levels of estrogen 

and progesterone begin to change. Estrogen levels dramatically decrease. This leads to many of the 

symptoms commonly linked to menopause. Without estrogen, the breast’s connective tissue becomes 

dehydrated and is no longer elastic. The breast tissue, which was prepared to make milk, shrinks and 

loses shape. This leads to the "saggy" breasts associated with women of this age. Women who 

are taking hormone therapy may have some of the premenstrual breast symptoms that they had while 

they were still menstruating, such as soreness and swelling. But if a woman’s breasts were saggy 

before menopause, this will not change with hormone therapy. 

 

MENSTRUAL CYCLE 

Menstruation is the shedding of the lining of the uterus (endometrium) accompanied by bleeding. It 

occurs in approximately monthly cycles throughout a woman's reproductive life, except during 

pregnancy. Menstruation starts during puberty (at menarche) and stops permanently at menopause. 

By definition, the menstrual cycle begins with the first day of bleeding, which is counted as day 1. 

The cycle ends just before the next menstrual period. Menstrual cycles normally range from about 

25 to 36 days. Only 10 to 15% of women have cycles that are exactly 28 days. Also, in at least 20% 

of women, cycles are irregular. That is, they are longer or shorter than the normal range. Usually, 

the cycles vary the most and the intervals between periods are longest in the years immediately after 

menstruation starts (menarche) and before menopause. 

Menstrual bleeding lasts 3 to 7 days, averaging 5 days. Blood loss during a cycle usually ranges 

from 1/2 to 2 1/2 ounces. A sanitary pad or tampon, depending on the type, can hold up to an ounce 

of blood. Menstrual blood, unlike blood resulting from an injury, usually does not clot unless the 

bleeding is very heavy. 

The menstrual cycle is regulated by hormones. Luteinizing hormone and follicle-stimulating 

hormone, which are produced by the pituitary gland, promote ovulation and stimulate the ovaries to 

produce estrogen and progesterone. Estrogen and progesterone stimulate the uterus and breasts to 

prepare for possible fertilization. 

The menstrual cycle has three phases: 

 Follicular (before release of the egg) 

 Ovulatory (egg release) 

 Luteal (after egg release) 

 When the follicular phase begins, levels of estrogen and progesterone are low. As a result, 

the top layers of the thickened lining of the uterus (endometrium) break down and are shed, 

and menstrual bleeding occurs. About this time, the follicle-stimulating hormone level 

increases slightly, stimulating the development of several follicles in the ovaries. Each 

follicle contains an egg. Later in this phase, as the follicle-stimulating hormone level 

decreases, only one follicle continues to develop. This follicle produces estrogen. 

 The ovulatory phase begins with a surge in luteinizing hormone and follicle-stimulating 

hormone levels. Luteinizing hormone stimulates egg release (ovulation), which usually 

occurs 16 to 32 hours after the surge begins. The estrogen level decreases during the surge, 

and the progesterone level starts to increase. 

 During the luteal phase, luteinizing hormone and follicle-stimulating hormone levels 

decrease. The ruptured follicle closes after releasing the egg and forms a corpus luteum, 
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which produces progesterone. During most of this phase, the estrogen level is 

high. Progesterone and estrogen cause the lining of the uterus to thicken more, to prepare for 

possible fertilization. 

 If the egg is not fertilized, the corpus luteum degenerates and no longer 

produces progesterone, the estrogen level decreases, the top layers of the lining break down 

and are shed, and menstrual bleeding occurs (the start of a new menstrual cycle). 

 If the egg is fertilized, the corpus luteum continues to function during early  

Follicular phase 

The follicular phase begins on the first day of menstrual bleeding (day 1). But the main event in this 

phase is the development of follicles in the ovaries. 

At the beginning of the follicular phase, the lining of the uterus (endometrium) is thick with fluids 

and nutrients designed to nourish an embryo. If no egg has been 

fertilized, estrogen and progesterone levels are low. As a result, the top layers of the endometrium 

are shed, and menstrual bleeding occurs. 

About this time, the pituitary gland slightly increases its production of follicle-stimulating hormone. 

This hormone then stimulates the growth of 3 to 30 follicles. Each follicle contains an egg. Later in 

the phase, as the level of this hormone decreases, only one of these follicles (called the dominant 

follicle) continues to grow. It soon begins to produce estrogen, and the other stimulated follicles 

begin to break down. The increasing estrogen also begins to prepare the uterus and stimulates the 

luteinizing hormone surge. 

On average, the follicular phase lasts about 13 or 14 days. Of the three phases, this phase varies the 

most in length. It tends to become shorter near menopause. This phase ends when the level of 

luteinizing hormone increases dramatically (surges). The surge results in release of the egg 

(ovulation) and marks the beginning of the next phase. 

Ovulatory phase 

The ovulatory phase begins when the level of luteinizing hormone surges. Luteinizing hormone 

stimulates the dominant follicle to bulge from the surface of the ovary and finally rupture, releasing 

the egg. The level of follicle-stimulating hormone increases to a lesser degree. The function of the 

increase in follicle-stimulating hormone is not understood. 

The ovulatory phase usually lasts 16 to 32 hours. It ends when the egg is released, about 10 to 12 

hours after the surge in the level of luteinizing hormone. The egg can be fertilized for only up to 

about 12 hours after its release. 

The surge in luteinizing hormone can be detected by measuring the level of this hormone in urine. 

This measurement can be used to determine when women are fertile. Fertilization is more likely 

when sperm are present in the reproductive tract before the egg is released. Most pregnancies occur 

when intercourse occurs within 3 days before ovulation. 

Around the time of ovulation, some women feel a dull pain on one side of the lower abdomen. This 

pain is known as mittelschmerz (literally, middle pain). The pain may last for a few minutes to a 

few hours. The pain is usually felt on the same side as the ovary that released the egg, but the 

precise cause of the pain is unknown. The pain may precede or follow the rupture of the follicle and 

may not occur in all cycles. 



Egg release does not alternate between the two ovaries and appears to be random. If one ovary is 

removed, the remaining ovary releases an egg every month. 

Luteal phase 

The luteal phase begins after ovulation. It lasts about 14 days (unless fertilization occurs) and ends 

just before a menstrual period. 

In this phase, the ruptured follicle closes after releasing the egg and forms a structure called a 

corpus luteum, which produces increasing quantities of progesterone. The progesterone produced 

by the corpus luteum does the following: 

 Prepares the uterus in case an embryo is implanted 

 Causes the endometrium to thicken, filling with fluids and nutrients to nourish a potential 

embryo 

 Causes the mucus in the cervix to thicken, so that sperm or bacteria are less likely to enter 

the uterus 

 Causes body temperature to increase slightly during the luteal phase and remain elevated 

until a menstrual period begins (this increase in temperature can be used to estimate whether 

ovulation has occurred) 

During most of the luteal phase, the estrogen level is high. Estrogen also stimulates the 

endometrium to thicken. 

The increase in estrogen and progesterone levels causes milk ducts in the breasts to widen (dilate). 

As a result, the breasts may swell and become tender. 

If the egg is not fertilized or if the fertilized egg does not implant, the corpus luteum degenerates 

after 14 days, levels of estrogen and progesterone decrease, and a new menstrual cycle begins. 

If the embryo is implanted, the cells around the developing embryo begin to produce a hormone 

called human chorionic gonadotropin. This hormone maintains the corpus luteum, which continues 

to produce progesterone, until the growing fetus can produce its own hormones. Pregnancy tests are 

based on detecting an increase in the human chorionic gonadotropin level. 
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