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Introduction: Modeling Women's Health with Nonhuman Primates and Other Animals (pages 83-88)

Summary:  This article serves as the overview to the other articles in this issue.  Women (and minorities) have historically been under-represented in medical studies.  The Food and Drug Administration, as late as 1980, routinely discouraged the inclusion of women in drug trials.  Since that time, numerous groups and their respective publications have lobbied for the inclusion of women in studies.  Some of these groups, their publications, and relevant findings include:

* US Public Health Service Task Force (1985)  As a result of their findings, the NIH issued a policy encouraging the inclusion of women in research and the assessment of sex differences in research outcomes which did not appear to stimulate much change.

*Congressional Caucus for Women¹s Health ​ revealed poor compliance with the NIH policy.  As a result, the following was established:

1.  Office of Research on Women¹s Health 2.  new laws prescribing the

inclusion of women and minorities as subjects in clinical research 3.  The Women¹s Health Initiative (WHI) ​ 15 year project including a controlled clinical trial evaluating effects of hormone replacement therapy, a large observational study assessing predictors of disease, and community-based approaches to developing healthful behavior.


The Institute of Medicine has released a report, ³Exploring the Biological Contributions to Human Health:  Does Sex Matter?² which calls for increased development and utilization of animal models (especially nonhuman primates) in the study of sex differences in disease.


Only women and Old World anthropoid primates have a menstrual cycle.  Macaques have been used most frequently in the study of women¹s reproductive biology.  As part of the overview of the remaining articles in this issue, the following facts were presented:

*Functional hypothalamic anovulation syndrome is a phenomenon in which environmental factors (psychological stress, caloric restriction, and exercise) cause women to transition from normal menstrual cyclicity to a state of relative ovarian dysfunction and estrogen deficiency.

*Stress-induced estrogen deficiency (secondary to subordinate social status) accelerates coronary artery atherosclerosis in premenopausal monkeys. Data indicates that efforts to reduce the postmenopausal disease burden should begin premenopausally.

*Polycystic ovarian syndrome is one of the most common causes of secondary amenorrhea and infertility.  The syndrome can be induced through androgen administration in utero.

*Nonhuman primates (macaques and baboons) are useful models to study endometriosis as they develop endometriosis naturally.  The lesions that develop are morphologically identical and in similar locations as in humans although they are not as severe.  Therefore researchers have to artificially increase the severity of the disease either by cervical ligation (to cause retrograde menstruation) or IP injection of endometrial tissue.

* In postmenopausal women: 1. Coronary heart disease is the #1 cause of death.  Studies indicate that estrogen therapy does not decrease this risk.

2.  Cancer is the #2 cause of death.

3.  Stroke is the #3 cause of death.  There is contradictory evidence regarding the effects of estrogen supplementation related to ischemic episodes. However, it appears that reproductively intact females have some level of protection from the negative effects of stroke when compared to ovariectomized females or males.

*  Adverse outcomes of insulin resistance and type 2 diabetes are more prominent in women versus men.  Ovarian hormones may contribute to glucoregulation.

*  NHPs are good models of osteoporosis since they resemble women anatomically and because they similarly remodel bone in response to aging and pharmacological treatment.  Monkey studies have demonstrated that estrogen replacement effectively reduces bone loss.

*  Young, ovarectomized NHPs may not be an accurate model of menopause (which occurs in older women).  The age of monkeys used should be considered

when trying to relate a study¹s findings to women¹s health.

*  Monkeys are useful in studying cancer of women¹s reproductive tract (cervical cancer is the #2 cancer of women ​ second to breast cancer).  Hormone treatments associated with increased cancer risk in women reveal increased endometrial proliferation in monkeys; hormone treatments that are protective in women generally reduce proliferation in monkeys.

*  When compared to men, postmenopausal women are more prone to cognitive decline and mood disorders.  Aged, cycling female NHPs perform better on cognitive tests than similarly aged animals that no longer cycle.  Researchers are exploring the effects of cyclic hormone exposure (and the cessation thereof) on the central nervous system and the hypothesis that estrogen has beneficial cognitive effects.

*  Depression is the most prominent mood disorder in postmenopausal women.  Social subordination substantially increases the vulnerability of group-house macaque females to depression.  Many more studies need to be done to investigate the effects of hormonal influences on neural systems.

*  The effects of soy consumption has been studied. Soy consumption may promote health by decreasing the incidence of heart disease, breast cancer, and prostate cancer.  Soy contains isoflavones that are thought to activate estrogen receptors and therefore are called phytoestrogens.  When examined in NHP studies, soy appeared to confer some protection against the development of breast cancer but did NOT decrease osteoporosis.

*  The greatest contribution of animal models, especially NHPs, in understanding and exploring women¹s health issues is that the use of animal models offer the ability to conduct controlled experiments that would be logistically or ethically impossible in women.

Ovarian Dysfunction, Stress, and Disease: A Primate Continuum (pages 89-110)

Abstract: Menopause is due to naturally occurring estrogen deficiency recognized as a period of increased risk for coronary heart disease (CHD) and osteoporosis. It is hypothesized that premenopausal reduction in endogenous estrogen elicited by functional ovarian abnormalities or failure is similarly pathogenic. Functional abnormalities extending from a mild, luteal phase progesterone deficiency to amenorrhea are attributed to psychogenic factors, exercise, or energy imbalance and appear to be relatively common. Those aforementioned eliciting factors have been confirmed in NHP studies and showed that they accelerate the development of CHD and perhaps bone loss. However, functional reproductive deficits are also reversible. Those deficits can be adaptive when triggered appropriately and detrimental when activated in an environment permissive to the progression of chronic disease such as sedentary life-style and high-fat diet. 

Questions:
1. Menopause is a prominent event in the lives of women and is characterized by all of the following, except: 

a)  signals reproductive senescence 

b)  marks a period of increased vulnerability to chronic disease

c)  typical postmenopausal diseases are CHD and osteoporosis that never occur in premenopausal women

d)  CHD is the largest single cause of death among women over 50 yr of age, and half of postmenopausal women will experience an osteoporosis-related fracture and associated morbidity. 

2. Ovarian function differs distinctly not only between pre- and postmenopause but also varies appreciably in quality between ________ and _________. 

3.  T/F Any reduction in endogenous estrogen due to ovulatory abnormalities or failure in young women may similarly accelerate the development of these age related diseases even when not manifested during their premenopausal years but rather postmenopausal. 

4. Premenopausal ovarian dysfunction can manifest as: 

a)  amenorrhea

b)  anovulation

c)  mild deficits in the luteal phase of the menstrual cycle

d)  a and c

e)  all of the above.

5. Although the pathobiological consequences of the more frequent occurring mild deficits are largely unknown, it has been shown that factors such as ______, ________, and _________ can elicit reproductive abnormalities. 

6. Which of the following group of animals exhibits a distinct difference in reproductive cycle compared to the others: 

a)  great apes

b)  Old world monkeys

c)  New World monkeys

d)  Human primates?

7. List the three ovarian phases! 

8. Match the following primary hormones with their source of production and the target organ(s), respectively! Note that more than one may apply. 

Hormone                     Source                                                Target

      A – LH                         1 – ovaries                                          i – hypothalamus

      B – progesterone        2 – pituitary                                          ii – uterus

      C – FSH                                                                                  iii – ovaries

      D – estradiol                                                                            iv – pituitary

9.   LH and FSH are termed ________.

10. GnRH, ____________, is an additional neuroendocrine factor central to cyclic 

      regulation that conditions the release of LH and FSH.

   11. Match the hormonal, ovarian, and endometrial events according to the  

         reproductive cycle days:

         Days                endometrial                 ovarian                    hormonal

         0-7                   A – secretory               1 – ovulation            i – increase in estradiol

         7-14                 B – menses                2 – luteal phase      ii – LH/FSH surge

            14                    C – proliferative           3 – follicular            iii – high progesterone 

            14-28                     phase                          growth              iv – increase in inhibin.

            Note: Increase in hormonal output is not linear.

      12. The LH surge fosters rupture of the follicle wall with ovulation and transformation

            of granulose cells into the progesterone-secreting corpus luteum. In the absence

            of fertilization, the withdrawal of hormonal support from the corpus luteum then 

            results in ______ and _______ of the endometrium, followed by __________.

13.  Another major component of the primate reproductive system is the group of 

      cells that produce GnRH. These cells, located in the ______ nucleus of the 

      ________ hypothalamus, are synchronized to release GnRH in a  _______

      manner.

14. Input from other parts of the hypothalamus, higher brain centers such as the 

cortex, and peripheral organs, including the ovaries and adrenal glands

influences the GnRH pulses, which vary in amplitude and frequency across the cycle. The relatively rapid pulsing of the __________ phase slows due to the increased amount of _______ during the ________ phase.

15. What is the presumable function of the hormone inhibin? 

16. When is a deficit termed “functional”? 

17. The normal reproductive cycle requires the contributions of several organs to be properly timed and titered, leaving room for numerous opportunities for disruption. The primary functional impairment in primates induced by psychogenic and metabolic factors and epidemiologically important in women has its origin in: 

a)  hypothalamus

b)  pituitary gland

c)  ovaries

d)  adrenal glands.

18. The single largest cause of amenorrhea in primates is: 

a)  polycystic ovarian syndrome (PCOS)

b)  hirsutism

c)  functional hypothalamic amenorrhea (FHA)

d)  obesity.

19. The hormonal profile of PCOS is distinct from FHA. Whereas FHA is characterized by _______ deficiency due to diminished or inappropriately pulsed release of GnRH, PCOS is a heterogeneous pathological condition generally associated with abnormal elevations in _______, ________, and ________. 

20. Central features of our understanding of FHA are all of the following, exept: 

a)  hypothalamic origin of the defect

b)  dysregulation of the interaction between adrenal and ovarian function

c)  importance of psychogenic stimuli in etiology

d)  potential reversibility of the syndrome.

21. Psychogenic stress, excessive exercise, and disordered eating pattern (not only 

      starvation or anorexia nervosa but also repetitive dieting) can lead to reproductive dysfunction. It is believed that reproductive deficits are elicited because the above mentioned causes lead to:

a)   mineral deficits important for female reproductive function, esp. copper

b)   a state of net negative energy balance that markedly increases vulnerability to reproductive deficits

c)   suppressed pituitary function with subsequent LH/FSH deficits.

22. The most obvious sign of reproductive dysfunction is amenorrhea. However, there are even more subtle, subclinical manifestations that are epidemiologically important. The subtlest of these abnormalities is a deficit in _____ secretion during the _______ phase of the cycle, termed “_____ ______ ______”, initially discovered through careful daily measurement of temperature and urinary pregnanediol. A more significant reproductive deficit observed in women appearing to menstruate regularly is ________, indicated by either markedly suppressed luteal progesterone concentrations or the absence of an LH surge at midcycle.

23. Despite decades of study, the physiological causes of functional reproductive deficits are still imperfectly known. The difficulties of studying those are complex. Functional hypothalamic amenorrhea, e.g., is frequently associated with global hormonal dysregulation as reflected in all of the following, except:

a)   hypothalamus-pituitary- adrenocortical activation and associated increases in opioidergic tone,

b)   depressed thyroid function

c)   reduced concentration of the peptide leptin (released by fat cells)

d)   reduced concentration of the neurosteroid allopregnanolone

e)   altered activity of the inhibitory GABA receptor system 

f)    decreased blood concentrations of cortisol.

24. Uncertainties regarding the direct role of the HPA axis in reproductive suppression have resulted in attempts to identify other factors that may be involved. Among these is the neuropeptide arginine vasopressin, which can act _______ with corticotropin-releasing hormone to influence both cortisol secretion and __________ activity under conditions of stress. Moreover, stimulation of GABAa receptors can normalize ___ pulsatility in FHA women.

25. All of the following regarding the hormone Leptin is true, except:

a)   promotes satiety 

b)   may suppress the HPA axis and potentiate activity of the GnRH neurons

c)   is significantly reduced in individuals with FHA

d)   is significantly increased in individuals with FHA.

26. Physiological alterations accompanying FHA, LPD, and anovulation are adaptive, meaning that it shifts metabolic resources away from reproduction to more necessary functions of the body. From the public health standpoint, this may not be this benign since functional reproductive deficits may also accelerate the development of chronic diseases such as _______ and ________. Ovarian hormones do not only target _______, _____ ______ but also ______ in addition to the reproductive tract indicating much more complex consequences.  

27. True or false? One human study showed that premenopausal women with coronary disease had significantly lower estradiol, estrone, and FSH levels that controls.

28. While available data suggest that ovarian impairment secondary to psychosocial, metabolic, or exercise stress may accelerate premenopausal bone loss and atherosclerosis, several clinically relevant questions remain unanswered. For this reason animal models of female reproductive deficiencies are important, esp. NHP since they are closest to humans in regard to physiology and anatomy of the reproductive tract, e.g. they are spontaneous ovulators as women are. Name some species that are “reflex ovulators”!

29. The development of the corpus luteum varies between species, although it occurs spontaneously irrespective of sexual stimulation in most spontaneous ovulators. List three laboratory animal species in which the development of the corpus luteum is induced by stimulation of the cervix!

30. A considerable amount of research in the genus Macaca, esp. rhesus M.______ and cynomolgus moneys M. _________, demonstrates remarkable similarity in overall plan, timing of constituent events, and hormonal profile to humans. Studies made clear that monkeys, like women, experience deficits ranging from _____ and ______ to _______ and _______.

31. In relation to osteoporosis studies it has been shown that rhesus as well as cynomolgus monkeys attain peak bone mass by about:

a)   6 years of age

b)   8 years of age

c)   10 years of age

d)   12 years of age.

32. Monkeys fed diets that elevate blood lipids, develop atherosclerotic lesions progressing through the same stages and in the same pattern as in humans.  Atherosclerosis develops:

a) first in the aorta, then in the common and internal carotid arteries and later in the main branch coronary arteries

b) first aorta and proximal portions of the main branch coronary arteries, followed by the common and internal carotid arteries

c) main branch coronary arteries, then aorta, followed by the common and internal carotid arteries

d) main branch coronary arteries, followed by the aorta, cerebral arteries, and eventually followed by the common and internal carotid arteries 

33. What NHP species is the species of choice in cardiovascular studies?

            a)   Baboon

            b)   Chimpanzee

            c)   Rhesus

            d)   Cynomolgus.

34. Beside the reproductive and pathobiological similarities also the behavioral homologies between humans and monkeys are relevant to understanding the disease consequences of functional ovarian deficits. This relevance is based on the following facts regarding monkeys (here in particular macaques), which are all true, except:
            a)   anthropoid primates are obligate social animals, which reference their behavior to a specific location or environmental resource rather than to other members of their social community

            b)   information concerning quality of life is not derived solely from the physical environment , but instead, is also filtered through the constant social communication that marks the existence of every individual

            c)   social groups, esp. in macaques, are characterized by elaborate patterns of positive social interaction, including generation-spanning networks of affiliation, alliance, and mutual support, including well-defined social status relationships and hierarchies

            d)   confrontational social adaptation subsumes behaviors such as competitiveness and aggressiveness vs. lack of control and submission analogous to those thought to confer increased risk for CHD in humans, it can disrupt menstrual cyclicity in some individual monkeys leading to increased risk of osteoporosis.

35. Which of the subsequent listed monkeys are unique among nonhuman primates in the breadth of environments they occupy – ranging from tropical lowland to desert to temperate montane -, an ecological aggressiveness made possible in part by an elaborate group-dwelling social adaptation characterized by intense conflict and confrontation?

            a)   African green monkeys, baboons, and colobus

            b)   patas monkeys and gelada

            c)   presbytis, mangabeys, and macaques

            d)   macaques and baboons.

36. The metabolic influence on reproduction has been elucidated in monkeys. Which of the following statements is false?

            a)   severe nutritional restriction and conditions like anorexia nervosa suppress reproduction in monkeys as well as women.

            b)   in male rhesus, a significant reduction in LH pulsatility occurs already after a single missed meal, indicating that even a mild change in energy availability can have reproductive consequences for primates (NHP and Humans)

            c)   women in the follicular phase of the menstrual cycle, ovariectomized monkeys, and reproductively intact female rhesus subjected to chronic dietary stress are more resistant than males to the effects of short-term dietary restriction

            d)   in a study with a 30% energy restriction (maintained for 6 yr in animals averaging 14 yr of age) the energy-restricted animals had a substantially lower body weight and fat mass than the controls with no obvious effect on bone density, blood markers of bone metabolism, or follicular phase FSH, LH, estradiol, or progesterone. However, the number and length of menstrual cycles were altered.

37. Among women, the effect of disordered eating is most prominent in individuals engaged in recreational or competitive sports. A study was designed to simulate this situation. Initially normally cycling cynomolgus monkeys were trained to run 12  km/day on a treadmill. Blood was collected from the runners and their sedentary controls during brief restrained without anesthesia. Animals were single housed. The following findings are all true, except:
            a)   amenorrhea occurred in all exercising animals but no sedentary controls, although the onset varied from 7 to 24 months 

            b)   no significant differences in cycle characteristics between running and sedentary animals until two cycles before amenorrhea occurred exhibited as lengthened cycles that tended to be anovulatory and deficient in luteal progesterone, transition to amenorrhea was abrupt.

            c)   considerable variability in the onset of reproductive dysfunction

            d)   running animals lost weight relative to controls

            e)   exercising monkeys experienced a significant decrease in circulating triiodothyronine (T3).

38. In a follow-up study, the investigators tested the hypothesis that the observed exercise-induced amenorrhea was due to low energy availability. Therefore supplemental food in form of “treats” (granola bars, dried and fresh fruit) and commercial monkey chow was offered to 4 “runners”. The result of the study was:

            a)   body weight increased without recovery of reproductive function

            b)   body weight increased with immediate recovery of reproductive function

            c)   body weight increased significantly, recovery of reproductive function occurred after 2 weeks in two monkeys and within 2 months in the remaining 2 animals, T3 subsequently increased and returned to “normal”

            d)   body weight was unchanged but reproductive function and T3 level returned to normal values. 

39. To prove the frequent suggestion that psychogenic factors (e.g. stressful life circumstances, inappropriate coping mechanisms, excessive anxiety or depression) play a role in reproductive dysfunction NHP studies investigated the described factors. Moderate stress was the scientific object of scrutiny in a study that involved 11 normally cycling, adult rhesus. What comprised the stressor(s)?

            a)   single housing with placement in a new housing room occupied by strangers

            b)   brief surgical procedure followed by physical restraint by a head cap and tethering system for 12 days and placement in a new housing room occupied by social strangers

            c)   daily restraint without anesthesia for vaginal swabbing and blood collection

            d)   daily restraint without anesthesia for blood collection and placement in a social housing setting with strangers.

40. The outcome of this particular study involved everything, except:

            a)   stress imposed in the follicular phase induced a decline in LH and progesterone concentrations in the luteal phase of the same cycle

            b)   stress during the luteal phase led to an immediate reduction in luteal LH and progesterone that persisted into the next cycle

            c)   across all animals , serum cortisol level remained constant 

            d)   data provide initial evidence that psychogenic factors can induce reproductive dysfunction independently of caloric restriction or alterations in physical activity since body weight and food consumption remained constant. There was no forced exercise during the study. 

41. T/F Cameron showed that normally cycling, moderately exercising cynos subjected to mild dietary restriction became anovulatory after exposure to social strangers. In contrast, neither dietary restriction nor movement to a novel location independently induced reproductive dysfunction in these exercising monkeys.

42. Social housing has been shown to have a profound effect on reproductive function. Which of the following statements is wrong?

a)   The occurrence of amenorrhea is more common in subordinates compared to dominant females. 

            b)   in corral-housed rhesus, subordinates have a lower total percentage of ovulatory cycles than do dominants

            c)   in a cyno study it was documented that subordinate females had five times as many anovulatory menstrual cycles and three times as many menstrual cycles characterized by luteal phase progesterone deficiencies as their dominant counterparts, subordinates tended to be relatively estrogen deficient

            d)   observations suggest that menstrual dysfunction in subordinate captive baboons may relate to extended bouts of harassment received from dominant individuals

            e)   subordinates experience a high incidence of “subclinical” functional deficits and minimal amenorrhea, exaggerated cortisol response to adrenocorticotropin challenge after dexamethasone suppression, and on necropsy are found to have enlarged adrenal glands.

43. Studies evaluating menopausal effects on disease use surgical removal of the ovaries to produce a hormone-deficient state. Why?

44. Several studies elucidated the influence of social and hormonal status on atherosclerosis. Animals were housed in small social groups and fed a “typical North American diet” for 2 years. Atherosclerosis extent has been quantified morphometrically in the coronary, carotid, cerebral, and iliac arteries as well as aorta. Choose the statement that is not true!

            a)   premenopausal cyno females, as a group, had less atherosclerosis then similarly aged male monkeys

            b)   there was no difference in atherosclerosis extent between subordinate and dominant females

            c)   comparison between males, subordinate females, and dominant females revealed that dominant females had less atherosclerosis whereas the extent of atherosclerosis was indistinguishable between subordinate females and males      

            d)   the effects of social status on atherosclerosis was not related to concomitant variation in blood lipids but rather to greater percentage of cycles with LPD, reduced circulating concentrations of estradiol, and fewer ovulatory cycles

            e)   the extent of atherosclerotic lesions was about equivalent between reproductively intact subordinates compared to ovariectomized, dominant monkeys, provision of exogenous estrogen to ovarectomized monkeys similarly inhibits development of lesions in both dominants and subordinates

            f)    repeated pregnancy – a hyperestrogenic state – almost completely inhibits atherosclerosis, irrespective of social status.

45. T/F Aging and menopausal status don’t affect bone density and thus risk of fracture in macaques. For this reason, no prospective study has been conducted to scrutinize the influence of social and hormonal status on pre- and postmenopausal bone density.

46. Cynomolgus monkeys housed in small social groups and consuming a typical North American diet without restriction showed the following pattern of subclinical reproductive dysfunction:

            a)   and average 30% incidence of LPD and anovulation with subclinical deficits in about 50% among socially subordinates and 10% among their dominant counterparts, only 4% exhibit FHA independent of social status

            b)   40% incidence of LPD and anovulation (50% subordinates and 30 dominants), 4% FHA independent of social status

            c)   average 30% incidence of LPD and anovulation with subclinical deficits in about 55% among socially subordinates and 5% among their dominant counterparts, only 4% exhibit FHA independent of social status

            d)   average 20% incidence of LPD and anovulation with subclinical deficits in about 35% among socially subordinates and 5% among their dominant counterparts, only 4% exhibit FHA independent of social status

47. Biological phenomena are typically explained either by “proximate cause” or “ultimate” cause. Define “proximate” and “ultimate” cause!

      The larger part of this review focused on proximate factors such as status and stress, negative energy balance, exercise, which result in functional reproductive deficits. The last part, however, addresses evolutionary considerations. The possibility is discussed that these reproductive deficits represent an adaptive response to environmental challenge that reversibly shifts energy away from reproduction and toward maintenance and survival. Very interesting!!!                                         

Answers:
1. c) Those diseases are rare in premenopausal women but may occur. 

2. individuals and throughout the course of a woman’s reproductive life 

3. T 

4. e) 

5. exercise, dieting, and psychogenic factors (“stress”, anxiety, depression) 

6. c) no menstrual bleeding 

7. Follicular: maturation of a single, ovum-containing follicle 

Ovulatory: the rupture of the follicle and ejection of the ovum

Luteal: transformation of the follicle into a hormone-producing corpus luteum.

8.   A – 2 - iii;   B – 1 – i and ii;   C – 2 – iii;    D – 1 – ii and iv

9.   gonadotropins (FSH = follicle stimulating hormone, LH = luteinizing hormone

10. a hypothalamic peptide (GnRH = gonadotropin releasing hormone)

11. Days 0-7 = B, 3, and i; Days 7-14 = C, 3 and i + iv; Day 14 = 1 and ii; 

      Days 14-28 = A, 2, and iii.

12. ischemia and necrosis of the endometrium, followed by menstrual bleeding 

13. arcuate nucleus, mediobasal hypothalamus, pulsatile manner 

14. follicular, progesterone, luteal 

15. Although the late luteal elevation in FSH induces the growth of several primordial follicles, only one continues to develop. This is presumably regulated by the hormones inhibin and estradiol produced by the most developed follicle that 

inhibits the further release of FSH, which in turn causes the remaining follicles to undergo atresia. 

16. A deficit is termed “functional” to reflect the absence of impairment in the particular organ and to suggest that removal of the insult(s) should reverse the deficit. 

17. a) 

18. c) 

19. estrogen (FHA), androgens, LH, and insulin (PCOS) 

20. b) this is the presumable etiology of PCOS, although still uncertain. 

21. b) 

22. progesterone, luteal phase, luteal phase deficiency (LPD), anovulation 

Note: Pregnanediol is a metabolite of progesterone.

23. f) Hypothalamic-pituitary-adrenocortical activation is characterized by increased cortisol, the adrenal hormone that orchestrates the body’s metabolic response to stress. Reproductive function is apparently an early casualty of HPA activation or its concomitants. However, it remains uncertain whether cortisol is directly responsible for gonadal dysfunction in vivo. 

24. synergistically, beta-endorphine, LH 

25. d) 

26. coronary heart disease (atherosclerosis) and osteoporosis. Vasculature, skeletal system and brain 

27. True. 

28. Reflex ovulators: cat, rabbit, mink, ferret, degu, voles, musk shrew, short tailed shrew, ground squirrel, badger, sea otter, camels 

29. mouse, rat, hamster 

30. M. mulatta, M. fascicularis, LPD, anovulation, oligomenorrhea and amenorrhea 

31. c) 

32. b) 

33. d) smaller size and greater commercial availability of the cyno make it more useful than the rhesus 

34. a) anthropoid primates are obligate social animals, which reference their behavior to other members of their social community rather than to a specific location or environmental resource 

35. d) 

36. d) The number and length of menstrual cycles were not altered. However, it was not evaluated whether this degree of energy restriction can induce mild LPD, because luteal phase hormones were not assessed and follicular hormones were evaluated only on day 5 or each cycle. 

37.  d) Running monkeys did not lose weight relative to controls despite consuming the same number of calories, implying a metabolic adaptation to exercise. 

38. c) Note: The reduction in T3 and maintenance of stable body weight in association with running-induces amenorrhea suggest further that strenuous exercise occasions a metabolic shift consistent with energy conservation. 

39. b) During this particular study, animals were accustomed to daily restraint without anesthesia for vaginal swabbing and blood collection, not stressed by it.

40. c) Across all animals, serum cortisol rose on the first day of stress and remained elevated for 2 weeks after the cessation of stress. 

41. True.

42. a) The occurrence of amenorrhea is equally uncommon in subordinates and dominants, whereas subordinates experience a high incidence of “subclinical” functional deficits.

43. Ovariectomy is necessary because most macaques die before reaching natural menopause. This approach allows the effects of hormonal deprivation to be evaluated apart from aging.   

44. b) subordinate females had significantly more atherosclerosis than their dominant counterparts.

45. False. Aging and menopausal status affect bone density in macaques. There are numerous challenges for ideal prospective studies such as long study periods necessary to detect significant changes in bone density as well as the question of natural vs. surgical menopause. That’s the reasons why it has not been conducted. 

46. a) 

47. The proximate cause = that which immediately precedes and produces an effect (immediate physiological/developmental precursors).

      The ultimate cause = the earliest factor, in point of time, that has contributed to production of a specific result (adaptive values of precursors, thus, evolutionary origins).

Nonhuman Primates Contribute Unique Understanding to Anovulatory Infertility in Women (pages 116-131)

Experiments in mid-late 1970'on female rhesus monkeys were the first to demonstrate that Gonadotropin-releasing hormone (GnRH) was bioactive only when released in approximately hourly bursts.  This lead to the identification of hypogonadotropic, normogonadotropic and hypergonadotropic forms of anovulatory infertility and the development of appropriate gonadotropin therapies.  The future of NHP models for human ovulatory dysfunction may be based on increasing the understanding of molecular and physiological mechanisms responsible for  fetal programming of adult metabolic and reproductive defects, and for obesity-related, hyperinsulinemic impairment of oocyte development.

Naturally occurring infertility occurs in 13-21% of married couples, and disorders of ovulation is the largest single category represented.  For clinical purposes the World Health Organization (WHO) classifies anovulatory women into one of the three following categories:
WHO Class I:  Hypogonadotropic, e.g. hypothalamic amenorrhea (low circulating LH and FSH)
WHO Class II:  Normogonadotropic. e.g. hypothalamic dysfunction (low frequencies of GnRH release), polycystic ovary syndrome, and other disorders that range between Class I and Class II.
WHO Class III:  Hypergonadotropic, primary ovarian failure. High circulating levels of LH and FSH.  WHO Class III disorders are not addressed in this article.

Research models for anovulatory infertility has included women, NHP, nonprimate mammals, mice without estrogen receptors, in vitro cell systems (fetal cell cultures of neurons and neuroglial cells), and immortalized cell lines (pituitary gonadotropes, granulosa cells and theca cells).  Reproductive studies in women have limitations on experimental design and ethical constraints.  The use of NHP in research is constrained by logistical problems, limited animal numbers, cost of maintenance, and risk of zoonoses, and limited sample size (ie.venipuncture volume from NWP).  Many nonprimate mammals have a reproductive physiology that is functionally different from women.  In vitro cell systems do not reflect the complex regulatory systems of the whole organism.  NHP play a key role in this area of research by providing a high degree of similarity to women's reproductive physiology.  For example, the primate LH surge does not require a concomitant change in frequency and amplitude of GnRH pulses, while female nonprimates do.  The LH-chorionic gonadotropin (CG) endocrine system is unique to higher primates because CG is absent in lower primates and nonprimtes. Old World primates such as the Rhesus macaque experience GnRH control of pituitary LH release similar to that of women, but New World primates like the common marmosets experience GnRH control of pituitary CG release.  In new World monkeys, exon 10 is absent from the LH receptor, which abolishes LH in this species, but not CG action, and pituitary gonadotropes express CG rather than LH.

NHP as Biomedical Models of Choice for Studies of Ovulatory Dysfunction in Women
Many NHP especially the Old World primates have a more prolonged follicular phase compared to nonprimate mammals, and their postovulatory luteal phase ends with menstral bleeding.  Corpus luteum secretion of inhibin and estradiol suppresses FSH secretion from the pituitary also functions to extend the follicular phase.

Female rhesus monkeys can be use to manipulate and quantify hypothalamic neurotransmitter release directly into the hypophyseal portal circulation and to identify neurotransmitters critical for initiating puberty.  In common marmosets, the social dominance suppression of ovulatory function has been exploited to investigate hypothalamic neurotransmitters involved in repeated and reversible inhibition and reactivation of pituitary gonadotropin release.  

 
Table 2 of this paper (p118) compiles the major traits relevant to ovulation studies with OWP and NWP:
OWP:     Reproductive cycle length is similar to women ( approx. 28 dys)
        Mono-ovular menstrual cycles
   Circulating steroid binding proteins resemble those of women
    Ovarian senescence resembles menopause in women
NWP:     Cycle length is from <14 up to approx. 28 days
  Not all species menstruate
      Pituitary gonadotropes secrete CG, not LH
       LH receptors bind CG, not LH
    Circulating binding proteins for progesterone and cortisol are mostly absent
    Intracellular steroid binding proteins may be overexpressed
     Ovarian senescence is more subtle in common marmosets than in women.
    PGF2-alpha causes luteolysis.

Table 3 (p 119) lists NHP models for human anovulatory infertility in women
The table compiles species/cycle length/seasonal vs year round breeding/ human condition modeled/method of induction of the model/references.
Example:  Baboon (Papio cynocephalus) Breeds all year, Cycles 30-35 dys, Model for human hyperprolactinemia is induced by dopamine antagonists.  Other species listed Rhesus, Cyno, Bonnet, Talapoin, marmoset, and Cotton Top tamarin.    

Biomedical Studies of NHP Establish Pulsatile Hypothalamic GnRH Release as a Necessity for Effective Pituitary Gonadotropin Release

Work in rhesus monkeys showed that the integrity of the arcuate nucleus within the medial basal hypothalamus is critical for the secretion of GnRH.  Deafferentation of the medial basal hypothalamus had no affect on GnRH.  In the arcuate nucleus-lesioned rhesus monkeys, pulsatile secretion of LH was restored with exogenous GnRH administered in hourly pulses of 6min duration.  Continuous infusion of GnRH inhibited LH release.  Electrophysiological recordings confirmed the pulsatile releases of GnRH when studies showed an increase in multiunit activity from the medial basal hypothalamus as LH is released from the pituitary.  In vivo measurements of pulsatile GnRH release from the median eminence using push-pull perfusion technique in rhesus.  In vitro work on fetal rhesus neuronal cell lines showed the intrinsic, pulsatile nature of the GnRH neurons and have suggested that the entire population of approx. 2000 GnRH neurons across the preoptic area and hypothalamus acts as a single, pacemaker.  The reliable and organized release of GnRH from these neurons occurs well before their migration is complete from the embryonic olfactory placode to the preoptic area and anterior hypothalamus.  Neuroglial cells are key in the synchronization of the coordinated GnRH release from the widely dispersed GnRH neurons, by rapidly transmitting an ATP-synchronized calcium wave that activates the neurons.        
Prepubertal female rhesus were used to demonstrate the role of estrogen in eliciting the LH surge and subsequent ovulation.

Hypogonadotropic Anovulation (Relevant to WHO Class I, but Including a Continuum of Disorders from WHO Class I to Class II)

Subnormal Hypothalamic Function

Hypothalamic amenorrhea is when there is reduced endogenous GnRH release.  There is insufficient GnRH secretion to support normal follicular maturation  and subsequent CL function.  Rhesus monkeys with hypothalamus lesions can model this condition and exogenous GnRH can bring about ovulation.

Weight Loss and Strenuous Exercise

Hypogonadotropic anovulation was induced in female rhesus with 40% calorie reduction.
Strenuous exercise was found to abruptly cause anovulation in cynos.  The hypogonadotropic anovulation was readily reversed by feeding the monkeys supplemental calories while continuing the exercise regime.  Exercise-induced anovulation is thus considered a physiological response to metabolic energy limitations and is no longer viewed as a stress response to intense physical activity.

Role for Leptin in the control of ovulatory function?

Leptin is secreted from adipocytes and other tissues in a circadian rhythm.  It can accelerate GnRH pulses in rodents.  Leptin infusion into prepubertal female rhesus prematurely increases circulating LH, estradiol, increases skeletal size and causes early menarche, similar to the way testosterone propionate administered to juvenile female rhesus can cause pubertal precocity.  In humans with congenital leptin deficiency, 1 year of leptin administration to prepubertal female activated pulsatile GnRH secretion and the normal progression of puberty.  Leptin administration to the male rhesus fails to induce premature puberty.  Low serum leptin levels and the absence of diurnal secretion are typical features of hypothalamic amenorrhea in women, along with inhibitory effects of leptin on ovarian steroidogensis in obesity-related diseases. 

 
Stress Responses
Methods of experimental stress induction included insulin-induced hypoglycemia, restraint, and receipt of same sex aggression.  These reliably activate the HPA axis and inhibit LH secretion.  Vasopressin is co-released with CRH from hypothalamic CRH neurons, but Vasopressin does not cause LH inhibition.  Endogenous opioid peptides such as B-endorphin inhibit GnRH and LH.  Naloxone can block the effect of CRH on GnRH neurons.  Social subordination is a stressor in some NHP species that can active the HPA axis and hypogonadotropic anovulation. 

Hyperprolactinemia
High levels of prolactin may directly affect GnRH neurons, or indirectly affect GnRH secretion through hypothalamic dopaminergic and opiodergic systems, leading to hypothalamic amenorrhea.  Dopamine is the major inhibitor of pituitary prolactin secretion.  This physiology was elucidated using hypophysial-stalk transected rhesus, in which dopamine was delivered into the portal circulation and hyperprolactinemia was produced.  Hyperprolactinemia and anovulation can be induced in baboons, marmosets and rhesus by administration of dopamine antagonists like sulpride and domperidone.  The antagonism of these agents can be overcome by infusion of dopamine or dopaminergic agonists like bromocriptine and cabergoline, to reverse the hyperprolactinemia.  Bromocriptine therapy helps prevent hyperprolactinemia in cyons undergoing ovarian hyperstimulation for in vitro fertilization.

Oligo-ovulation and Luteal Phase Defects
Women with luteal phase defects are classified as WHO Class I or Class II.  Naturally occurring and experimentally induced NHP models of luteal phase defects are used in rhesus, bonnet and cynos.  Spontaneous luteal phase defects occur in rhesus during the summer months; especially in those monkeys housed outdoors.  Luteal defects can be induced in NHP by selective suppression of FSH (not LH) with charcoal extracted porcine follicular fluid.  In bonnet monkeys the model is induced by with FSH antiserum on days 5, 6, or 7 of the cycle to reduce luteal phase length. 

Normogonadotropic Anovulation (Relevant to WHO Class II)
Polycystic ovarian syndrome (PCOS) is characterized by high GnRH, high LH, anovulation, ovarian hyperandrogenism, and insulin resistance.  Normal to low circulating FSH levels classify PCOS as a normogonadotropic anovulatory condition.  Female rhesus that are exposed to excess androgens during fetal life display signs of PCOS in adulthood.  The model is induced by injecting a pregnant mother with 10mg testosterone propionate subcutaneously, daily during specific times of gestation.

A primate model now exists to investigate asynchronous follicle differentiation and oocyte maturation in PCOS women.

Questions:

1. Mechanistic studies of LH-related ovulatory dysfunction would be best performed in which of the following models?

a. Rhesus, Cyno, or vervet
b. Mouse
c. Cell culture
d. Any new world species of primate

2. Why would studies that require tight control over ovulation and onset of follicular phase be better to perform in NWP vs OWP?
3. What species can be used to model hypothalamic amenorrhea in women, and what is the one method of induction that is common to all these species?
4. What neurons are responsible for the GnRH secretion, and where are they located?
5. True or False:  Exogenous leptin administration affects male and female prepubertal rhesus the same.

Answers:
1. A) because NWP have diminished functional capacity of the LH receptor and CG rather than LH is secreted from the anterior pituitary in NWP.
2. In New WPs, PGF-2alpha causes luteolysis, resulting in controlled timing of the next ovulation.  This is not possible in OWP.
3. Macaca mulatta, Macaca fasicularis, Miopitheicus talapoin, Callithrix jacchus, and Saguinus oedipus .  Social subordination induces it in all species, but in several of the species other things such as stress, weight loss, opiates, strenuous exercise have also been reported to induce the model.
4. GnRH neurons are in the preoptic area and the anterior hypothalamus (arcuate nucleus within the medial basal hypothalamus).

5. False:  Leptin administration seems to have no affect on the male, but brings on early puberty in female primate.

Animal Studies in Endometriosis: A Review (pages 132-138)

SUMMARY:   Endometriosis is a common women’s health problem that is characterized by the presence of endometrial tissue outside the uterus.  The most commonly affected site is the pelvis, particularly the ovaries, peritoneum, uterosacral ligaments, and pouch of Douglas.  Occasionally the bowel and sites outside the pelvis (e.g., the lungs, umbilicus, and diaphragm) may also be affected.  Clinical manifestations include dysmenorrheal (painful periods), chronic pelvic pain, dyspareunia (pain on intercourse), and subfertility, which are potentially debilitating; and it affects millions of women worldwide.  On vaginal examination, pelvic tenderness and induration are common findings.    An adnexal mass may be palpable if there are ovarian cysts, and the uterus may be in a fixed, retroverted position.  The diagnosis is made on visual inspection of the pelvis, usually at laparoscopy.  Active lesions are generally red or appear as clear vesicles, whereas less active lesions are black or brown patches or appear as white scars.  More severe disease results in the formation of adhesions, and ovarian “chocolate” cysts (endometriomas), which are filled with old blood.  Disease severity can be divided into four stages, from minimal (Stage I) to severe (Stage IV), using the revised American Fertiligy Society (AFS) classification system.

     Risk factors include increasing age within the reproductive years, greater exposure to menstruation because of short cycle length, long duration of flow and reduced parity, and increased peripheral body fat associated with increased serum estrogen levels.  Factors thought to decrease estrogen levels (e.g., exercise and smoking) show an inverse relation with the disease.  Treatment consists of medical and surgical approaches.  Medical options involve hormonal manipulation, which mimics pregnancy (combined oral contraceptive pill), menopause (GnRH analogous), or hyperandrogenic state (danazol).  All of these treatments relieve pain effectively, but they are of no value in improving fertility and side effects are relatively common.  Surgical procedures (i.e., laparoscopic removal of endometriotic lesions and cysts) result in improved fertility and pain relief; however, it is not without risks and complications such as damage to other pelvic structures and adhesion formation.      

     Sampson (1927) suggested that endometriosis results from retrograde menstruation (i.e., the flow of menstrual debris from the uterus along the fallopian tubes into the pelvis), and that the shed endometrial cells implant onto the peritoneal surface and form ectopic lesions.  This theory is most widely accepted.  Other hypotheses include coelomic metaplasia and lymphatic/blood-borne dissemination.  

     Animal models are important because well-controlled experiments that involves repeated surgical procedures are difficult to perform in humans.  The models are invaluable to study endometriosis and understand disease prevalence, incidence, pathogenesis, and associated subfertility.  Both nonprimate and primate models have been used to study endometriosis.  

     Nonprimates do not undergo spontaneous disease, but it can be induced using either autologous uterine tissue or human endometrium.  Autologous transplants have been performed in rabbits, rats, and hamsters.  One of the uterine horns is removed, the tissue is cut into small sections and sutured into the peritoneal cavity or reintroduced by inoculation.  Syngenic mice have also been used similarly.  Human endometrium has been successfully implanted into the homozygous nude mouse.  Although the use of nonprimates is advantageous with respect to their relative low coast and their ability to establish endometriotic-like lesions, the models have disadvantages.  1)  the wide phylogenic gap between nonprimates and humans, 2) the large number of different experimental techniques within these models, 3) lack of a menstrual cycle, 4) short luteal phase in rats, 5) lack of a luteal phase in rabbits, 6) the endometriotic lesions produced in nonprimates differ from those in humans.  

     Endometriosis has been induced in baboons in an attempt to create a model for retrograde menstruation.  Intraperitoneal injection of endometrium has also been used to induce endometriosis in the baboon.  Primates develop endometriosis spontaneously.  The tissue is morphologically identical to its human counterpart and the lesions are found at similar sites.  Spontaneous endometriosis has been studied principally in rhesus macaques and baboons.  Risk factors for spontaneous endometriosis in primates have been examined.  It has been reported that exposure either to 3 or more estradiol implants or to do one or more hysterectomies was a significant risk factor for the development of endometriosis.  In a study comparing disease in baboons held for long periods in captivity with those just captured from the wild, increased duration of captivity appeared to be associated with a higher prevalence of spontaneous disease.  The study of spontaneous endometriosis in primates has enabled to study the natural progression of the disease, its effect on fertility, and the role of the immune system.  The primate model is also useful in evaluating the effects of new drug treatments for the disease.  Anti-tumor necrosis factor (TNF-alpha) was reported to be successful in reducing the severity of disease.  
QUESTION: 

  All of the following are true regarding endometriosis EXCEPT:  

a)      Nonprimates do not develop spontaneous endometriosis.  

b)      Endometriosis cannot be induced in nonprimate models.

c)      Nonhuman primates menstruate and develop spontaneous endometriosis.  

d)      It has been suggested that mild to severe endometriosis, but not minimal disease, affects fertility in baboons.

ANSWER 

b

Hormone Replacement Therapy and Cardiovascular Disease: Lessons from a Monkey Model of Postmenopausal Women (page 139-146)

SUMMARY: The author described that there are some contradict results of numerous observational clinical trials and animal studies, which reported profound beneficial effects on hormone replacement therapy (HRT) on cardiovascular disease risk.  Results of both humans and monkeys studies indicate that estrogen replacement therapy (ERT)/HRT is effective in inhibiting progression of early stage (fatty streak) atherosclerosis but that ERT/HRT is much less effective in inhibiting progression of more advanced (established plaque) atherosclerosis.  Results of these monkey studies are consistent with those of studies in women wherein ERT/HRT was initiated in post menopausal women with different initial amount of atherosclerosis.  Based on these findings, it is speculated t! hat ERT/HRT may be more cardioprotective in younger postmenopausal women with less coronary artery disease, and less effective in women with established coronary artery disease.  Results from the Women’s Health Initiative (WHI) and the Heart and Estrogen/Progestin Replacement Study (HERS) are contradictory.  In both of these studies, postmenopausal conjugated equine estrogen + medroxyprogesterone acetate did not reduce risk, and somewhat increased the risk of myocardial infarction in both primary (WHI) and secondary (HERS) prevention. 

Results from numerous experimental and clinical investigations indicate that estrogen treatment may act directly at the vascular wall level by affecting endothelial function.  The endothelium plays a key role in modulating vascular smooth muscle cell reactivity.  Dilator and constrictor substances are released by endothelial cells that may modulate the vascular response to a wide variety of neurohumoral stimuli.  There is considerable evidence that estrogens improve dilation.  The effect of estrogen on coronary artery reactivity has been evaluated by repeated quantitative angiography in ovariectomized monkeys.  Changes in the coronary artery diameter have been measured af! ter intracoronary infusion of acetylcholine, which induces endothelium-mediated vasodilatation in normal arteries and constriction in artherosclerotic arteries.  After both short- and long-term estrogen treatments, the animals exhibited vasodilation in response to acetylcholine, whereas estrogen-deficient controls exhibited vasoconstriction.  These data from nonhuman primate and other animal models suggest that ERT and HRT have beneficial effects on several different risk factors and surrogate endpoints of coronary heart disease.  These results conflict with the observations made in the HERS and WHI trials, which report little benefit of HRT on the incidence of coronary heart disease.  Reconciliation of these apparent differences may lie in closer evaluations of the differences between these monkey studie! s and clinical trials.  It is very important to define the relative cardiovascular risk/benefit in different populations of postmenopausal women based on differences in age, amounts of pre-existing atherosclerosis, and risk factors.

 Questions:
1)      Results of both humans and monkeys studies indicate that estrogen replacement therapy (ERT)/HRT is effective in inhibiting progression of early stage (fatty streak) atherosclerosis but that ERT/HRT is much less effective in inhibiting progression of more advanced (established plaque) atherosclerosis.  True or False

2)      There is considerable evidence that estrogens do not improve dilation.  True or False

        3)       It is very important to define the relative cardiovascular risk/benefit in different

                populations of postmenopausal women based on ………..


a. Differences in age


b. Amounts of pre-existing atherosclerosis


c. Risk factors


d. All of the above


e. None of the above

4)      HERS and WHI reported that   ……. benefit of HRT on the incidence of coronary heart disease.  

      a. Little


b. Significant


c. No effect


d. All of the above


e. None of the above

5)   In ovariectomized monkeys, after both short- and long-term estrogen treatments, the animals exhibited ………… in response to acetylcholine, whereas estrogen-deficient controls exhibited …………..    

6)      It is speculated that ERT/HRT may be more cardioprotective in younger postmenopausal women with …….. coronary artery disease, and less effective in women with …….. coronary artery disease.

7)      Results from the Women’s Health Initiative (WHI) and the Heart and Estrogen/Progestin Replacement Study (HERS) in  postmenopausal conjugated equine estrogen + medroxyprogesterone acetate did not reduce risk, and somewhat increased the risk of myocardial infarction in both primary (WHI) and secondary (HERS) prevention.  True or False

Answers:

1)      True

2)      False

3)      d ( all of the above

4)      a ( little

5)      Vasodilatation; vasoconstriction

        6)
Less; established

7)   True

Stroke in the Female: Role of Biological Sex and Estrogen (pages 145-159)
Women are protected from stroke relative to men util years of menopause.  This advantage is lost by perimenopausal years indicating female reproductive hormones play a role in protection.


Estrogens are extensively studied as neuroprotective in women, animals and vitro models of neural injury and degeneration. 17? estradiol is extensively studied in animal and cell models which suggest that this steroid is neuroprotective in injuries caused from ischemia/reperfusion.


Initial studies were performed on males thinking that it would reduce variability the female cycle would introduce and the a direct correlation could be made on cell injury, mechanism and treatment effects that would apply to both genders.

Animal Models:


There is variation in human strokes as to causes, manifestations and anatomical sites of occurance.  There are three types of strokes identified with ischemic stroke being the most frequent in occurance followed by intracerebral hemorrhage, which occurs within the brain  and subarachnoid hemorrhage that surrounds the brain.


By recreating specific aspects of stroke under defined experimental conditions it allows investigation of the all aspects ( pathophysiology, neuroprotectvie mechanisms, therapeutic response) which is particularly important in early intervention and treatment.


NHP models in particular Macaques and Baboons have menstrual cycles and immune systems are similar to what is found in humans. Use of NHPs to investigate the influence of the inflammatory has on the neurological outcome brought about by cerebral ischemia and the impact of the gender differences.


The largest ongoing study that has evaluated gender and perimenopausal status in stroke is the Framingham Heart study.  The main objective of the study was to identify common contributing factors to cardiovascular diseases.  Gender differences was most evident in the 45 to 54 yr age group but equalize in the 55-64 yr old group.


 When comparing the genders, males are more likely to experience their first stroke before females.  The high number of strokes in women that is reported may be as a result of a longer life expectancy. Myocardial infaraction occurs earlier in men than stroke where in women there is no separation in these events. Younger than 60yrs there is no gender separation seen for the incidence in brain infaraction where in women greater than 85yrs of age have a higher incidence.In women up to 55years of age have an increased risk in CVD in perimenopausal, postmenopausal women in comparison to premenpausal in the same age grouping.


In pathophysiology, some variable gender differences in cerebrovascular occlusive disease distribution exisits. Disease in men occur in the extracranial large artery while while in women the intracranial medium sized artery is more prevalent. In young women 15-14 yrs of age was embolic or SAH. When evaluating subtypes SAH was seen more commonly in women than men.  Women are less likely to dies as a result of a ischemic stroke than men under the age of 64 while the reverse is true after this age.

Animal Studies


Young adult female rodents sustain smaller injury than males after global/forebrain or focal ischemia.Female rodents have greater survival time and lower rates of stroke incidence and mortality than males. Estrous cycle stage can influence the gender specific effect with smaller infarct volumes proestrus (high estradiol) when compared to metestrus (low estradiol). Sex differences can be abolished through ovarectomy or declining estrogen levels during reproductive senescence.

Estrogen Administration


Clinical trials: Heart and Estrogen-Progestin Replacement Study (HERS) study the effects of  combined HRT (estrogen and medroxyprogesterone) on coronary heart disease progression with a secondary component evaluating stroke and TIAs.  Results no reduction in risks and did see a 3 fold rise in thromboembolism.  It was thought that early on there was an increased risk of CV events that was offset by a lower event rate in subsequent years.


HERS II study was a follow-up on the initial cohort showed no benefit of prolonged HRT on CV or cerebro vascular disease.


WEST- Women’s estrogen for Stroke Trial was the first randomized trial designed to examine stroke recurrence as the primary endpoint.  Evaluated secondary prevention hence enrolling women with pre-existing cerebrovascular disease.  Found no benefit on total stroke incidence and an increase in fatal stroke who were on estradiol alone.  17-ß estradiol was  found not to be a benefit for this group of individuals.


Womens Health Initiative initiated in 1991. Goal identify major causes of death and disability in postmenopausal woman through prevention intervention protocols and risk identification. Two experimental groups composed the clinical trial group.  One group was composed of women with a prior hysterectomy were randomized to placebo and unopposed estrogen.  The other group of woman with an intact uterus received either a placebo or estrogen with progestin. Outcome of these trials included: an increase incidence in coronary heart disease with the primary outcome of invasive breast cancer .  Pulmonary embolism. Study discontinued due to the increase risk of breast cancer.  When the stroke subgroup was evaluated combined HRT therapy increased the risk of ischemic stroke in healthy postmenopausal women.  Excess risk for all strokes attributed to HRT was present in all subgroups.


Animal studies: The neurprotection of estrogen originates in rodent data.  Universally estrogen reduces rodent brain injury after an ischemic insult.  In estrogen deficient rodents estrogen appears to have a neuroprotective effect in permanent and transient focal ischemia models. 17B estradiol can increase blood flow during and after vascular occlusion and ameliorate postischemic hyperemia.  Further studies are necessary to evaluate estrogen’s action in the brain.

Conclusions:

Ø
Estrogen is a neuroprotective agent in women, animals and in vitro models on neural injury and degeneration. Estrogen can benefit animals and cell models of ischemic brain and reduce cell death.

Ø
Clinical benefit of HRT as an ischemic neuroprotectant is small. Both Studies HERS and WEST included women with known vascular disease in advanced age well into menopause.

Ø
WHI addressed this problem by enrolling women with pre-existing health conditions thus changing the definition of what would represent the average patient.  Other trials may have pre-selected for a heathier lower risk group of women that could have benefited from HRT.

Ø
Estrogen’s mechanisms for protection of the brain and cerebral vasculature are complex.. Estrogens act at multiple sites in injured brain and utilize both receptor-dependent and receptor-independent as well as non-cell type-specific, signaling process.


Future Needs: The current experimental data on gender differences with exogenous estrogen have been derived in rodents.  This will have to expand to a higher order so the results can be extrapolated to fit the human scenario, which will improve the direction and design of clinical studies and trials.


Studies of the underlying mechanisms between the gender differences leading to an increase stroke incidence in postmenopausal women need to be further investigated in the rodent and non-rodent model.


The duration of estrogen deficient state and the timing of the administration maybe one explanation as to the lack of clinical benefit not seen in clinical trials.


HRT in postmenopausal women is a challenge in determining the individual roles as well as interactive roles of estrogen and progestins.  It is unknown whether or not progestins decrease the neuroprotective role of estrogens.


Selective estrogen receptor modulators (SERMS) a class of drugs with mixed estrogen agonistic and antagonistic in different tissues. Ideal is to be antagonist in breast and uterus and agonisit in bone, brain and the cardiovascular. Few studies address the neuroprotective benefits of SERMS.  Current clinical uses of SERMs are treatment of primary and metastatic breast cancer, prevention and treatment of osteoporosis, treatment of infertility in anovulatory women.

Questions
1). Name the three types of strokes identified in man listing in order of incidence?

2).Various estrogens have been extensively studied as neuroprotective agents in women, animals and in vitro models.  In animals and cell models name the steroid that is neuroprotective in injury from ischemia/reprofusion?

3). The advantage of animal experimental models in the investigation of strokes is that it allows investigators to evaluate pathophysiology, neuroprotective mechanisms along with the therapeutic responses under controlled conditions? T /F

4) The Study that evaluated gender and perimenopausal status in stroke is_____which overall objective was________?

5).  The first randomized study in women designed to examine stroke reoccurance as a primary end-point?

a). HER(Heart and Estrogen-Progestin Replacement Study)

b). WHI (Womens Health Initative).

c).HERII (Heart and Estrogen-Progestin Replacement Study Phase II)

d). WEST (Women’s Estrogen for Stroke Trial)

e). SERMs (Serum Estrogen Replacement Menopausal Study)

6). SERMs are selective estrogen receptor modulators.  Which of the following statements are false?

a)
Used for the treatment in osteoporosis.

b) In anovulatory women it is used to treat fertility.

      c). Multiple studies have proved they have potential neuroprotective benefits

      d) The ideal SERM would maximize estrogen benfits while minimizing their disadvantages.

Answers

1).  Ischemic stroke (highest), intracerebral hemorrhage and subarachnoid hemorrhage.

2) 17ß-estradiol

3). True

4)Framingham Heart Study Common Contribuiting factors to cardiovascular disease.

5) D WEST Womans Estrogen for Stroke Trial

6) C Few studies have investigated their potential benefits.
Sex Hormones, Insulin Sensitivity, and Diabetes Mellitus (pages 160-169)
A review article presenting an overview on sex differences in body composition, insulin sensitivity, and sex hormones and risks for development of type 2 diabetes mellitus (DM2) in human and nonhuman primates, as an argument for the need for further model development.  The article references more human data than nonhuman, and most nonhuman data presented is in rhesus monkeys.  Data is presented by description of effects during each lifestage; from pregnant females to neonates to elderly, with a short discussion of the effects of contraceptive agents and hormone replacement therapy (HRT).  Authors suggest that the nonhuman primates may be particularly useful in assessing sex differences in insulin sensitivity.

Human and rhesus share some characteristics of pregnancy.  Singleton birth is common.  While humans add body fat during the 3rd trimester, rhesus are born with very little body fat after 5 ½ months.  Rhesus pancreatic islet cells are developed by day 60, but grow later in gestation.  Testicular development results in functional secrestion of testosterone by the seventh week, and ovarian development is similar to that of the human. Extremes in birth weight are associated with increased risk of diabetes later in life in the human, and decreased maternal sensitivity to insulin in both human and rhesus.  This enhances carbohydrate transfer to the fetus to permit rapid growth in the third trimester in the human.  Much of the variance in maternal insulin sensitivity accounts for birth weight and body composition variability in neonates in humans.  Low BMI females have smaller infants, and low birth weight is linked to increased insulin resistance and decreased beta cell response in childhood, while high birthweight is linked to increased risk of DM2.  Rhesus monkeys with higher BMI also have increased insulin resistance during pregnancy.  IV glucose administration during glucose tolerance tests increased glucose levels proportionally to BMI in the rhesus.  Gestational diabetes leads to an increased transfer of carbodydrate fuel to the fetus, and subsequently increased fetal pancreatic insulin secretion, which then behaves as a growth promoting hormone, resulting in macrosomia and increased fetal fat mass in the human.  This has been modeled in the rhesus by the use of fetal insulin minipumps.  Obese rhesus mothers also have larger infants, though the risk of DM2 in the infant has not been assessed.  The impact of sex of the infant on these factors has not been assessed in either the rhesus or human., through male rhesus birthweights average 10% larger than female or androgenized female rhesus.  

Human females under age two have greater fat mass than males, and little is known about nonhuman primates during this period.  Baboon juvenile females gain less lean mass than males and the same amount of fat mass on high calorie formula, and are more efficient at retaining calories in the form of fat on low calorie diets than are males.  Prebubertal female humans have greater total and subcutaneous body fat than males but similar visceral fat.  Rhesus females accelerate growth in body weight peripubertally  (2years of age) approximately 6 months earlier than males, who then grow for a longer period of time to mature at a heavier body weight.  It was thought that pubertal timing was related to metabolic signaling that insulin might be responsible for, however, insulin levels are dissociated from gonadotrophin secretion in humans.  During human puberty, insulin sensitivity decreases by 30% in males and females, with increases in fasting insulin and glucose.  This is not associated in changes in fat levels, androgens and estradiol.  Leptin levels are higher in females and rise during the pubertal period, but it is not known how this translates to insulin sensitivity. Nonhuman primate studies are not reported.

Human adults show that subcutaneous abdominal and visceral fat have combined and independent effects on insulin sentivity, and fat distribution predicts insulin secretion.  Adult males have more visceral fat.  Male rhesus are larger than female, and female have a greater fat mass. Interestingly, Macaques do not have a sexually differentiated pattern of fat distribution. Testosterone administration in females and neutered males increases muscle and weight.  Lean body mass decreases in late adulthood.  Fasting insulin levels and insulin response to glucose challenge are similar between humans and rhesus ,a nd related to the amount of body fat. Female rhesus have improved glucose tolerance and enhanced insulin sensitivity and glucose effectiveness.   Insulin sensitivity and disposition are affected by the menstrual cycle in the human and monkeys (decreased in the luteal phase).    Androgens were not found to impair insulin sensitivity in humans and rhesus.  In fact, Baboon islet cells lack testosterone receptors.  

Menopause is associated with an increase in glucose and insulin levels, and low testosterone in men and high testosterone in women predict DM2 development and insulin resistance.  Few studies exist in nonhuman primates.  Old rhesus had not significant sex difference in fat mass and trended to lower insulin responses, but in all ages, females had greater glucose tolerance.

Oral contraceptives in the human with newer low dose progestin only agents have minimal effects on glucoregulation.  Depot medroxyprogesterone is linked with increased risk of DM2 in the human.  Zoo housed orangutangs have no difference in glucose tolerance between females with and without contraceptive implants.

Hormone replacement therapy in human females appears to attenuate abdominal fat mass gain (estradiol plus or minus cyproterone acetate CPA or levonorgestrel, also conjugated equine estrogen CEE plus or minus medroxyprogesterone acetate), but a worsening insulin sensitivity that may be dose responsive.  The addition of progestogens may reduce this effect.  Route of administration may be important: transdermal compounds will not undergo first pass metabolism by the liver.  In insulin resistant human females treated with transdermal estradiol and other HRT compounds insulin levels actually decrease.  However, women with DM using HRT had increased risk of cardiac disease in one study.  Similarly confusing results were obtained in multiple other studies of postmenopausal women with and without coronary artery disease and insulin resistance and or DM.  The authors suggest that results are not consistent among studies, and that a need exists for further nonhuman primate work, though HRT is not associated with increased risk of DM2, and may provide a beneficial effect in diabetics.

Most nonhuman primate models of menopause are surgical (ovariectomy).  Studies in ovariectomized rhesus showed no effect of HRT on fasting glucose or glucose tolerances, though progesterone increase insulin levels.   Ovariectomized cynomologus on lipid lowering diet with HRT plus CEE/MPA had higher fasting glucose and insulin levels and insulin response to glucose challenge, while monkey receiving only CEE had lower body weight, serum androgen, and abdominal fat.  CEE/MPA or CEE plus atherogenic diet in ovariectomized cynomologous produced decreased insulin sensitivity, suggesting that insulin resistnace was induced by progestins alone and in combination with estrogen.  

Questions and Answers:

1.        What species of nonhuman primate does not evidence sex differences in fat deposition?

                                                                           i.      Baboon

2.        Why would route of administration of HRT effect insulin sensitivity?

                                                                           i.      Transdermal compound may not undergo first pass hepatic metabolism; compounds may be more or less active.

3.        In what phase of the menstrual cycle in rhesus and humans is insulin sensitivity decreased?

                                                                           i.      Luteal phase.

Hormonal Therapies and Osteoporosis (pages 170-177)

Osteoporosis is defined as a disease characterized by low bone mass and a microarchitectural deterioration of bone tissue leading to enhanced bone fragility and fracture risk. It is a major public health problem and in critical need for safe and effective alternative therapeutics since the safety of the classic hormonal treatment has recently been questioned. 

Nonhuman primates have been used as models for bone changes associated with estrogen deficiency because their trabecular and cortical bone remodeling processes, monthly menstrual cycles, and reproductive-hormone patterns are similar to those of humans. The preferred model is the ovariectomized NHP.

NHP are amenable to methodologies that assess bone quantity and quality, i.e. dual energy x-ray absorptiometry (DXA), quantitative computed tomography (QCT), histology, static and dynamic histomorphometry, biomechanical testing, and assays to evaluate biomarkers of bone metabolic processes. 

NHP model has been utilized in assessment of osteoporosis therapeutics, both hormonal (sex steroids and analogues, parathyroid hormone) and nonhormonal (bisphosphonates). 

Agents currently approved by FDA for the prevention and/or treatment of osteoporosis are calcium, hormone replacement therapy (HRT), the selective estrogen receptor modulator (SERM) raloxifene, the bisphosphonates alendronate and risedronate, and calcitonin, all of which block the activity of bone-resorbing osteoclasts. The concern with HRT is the long-term risk of breast cancer, coronary disease, and pulmonary embolism. A promising new addition is the anabolic agent recombinant human parathyroid hormone, which is still under review by the FDA. 

The FDA requires data from both the rat and a larger species in the preclinical testing of therapeutics. The disadvantage of the rat is that the rat skeleton undergoes modeling (change in size and shape) throughout life involving uncoupled activity of osteoclasts and osteoblasts, and that the rat does not usually remodel cortical bone.

NHP are much more similar in terms of their reproductive and skeletal physiology to humans. They not only have cortical bone haversian remodeling comparable to humans, but also the response of cortical bone of skeletally mature monkeys to ovariectomy and other stimuli closely resembles that observed clinically. Haversian osteons occupy about 40% of the mid-femur cortex and 60% of the mid-radius cortex in intact, skeletally mature female cynomolgus monkeys. In macaques, almost all growth plates close by 6 to 7yr of age, and peak bone mass is achieved by 9-11 years. Age-related changes in bone mass and bone structure have been documented in Old World monkey species, esp. in females. Other large species models create physiological and logistical obstacles to modeling the estrogen deficiency of the human menopause due to their breeding seasonality or different estrus cycles/ovulation reproductive patterns.

Estrogen depletion has one of the most profound effects on bone both in humans and NHP. Declining ovarian function and irregular menstrual cycles comparable to peri- and postmenopausal women occur during the third decade in macaques. Beside the natural estrogen depletion, the surgical or chemical overiectomized monkey (chemical induction of ovariectomy using gonadotropin-releasing hormone agonist [GnRH-Ag], esp. used for short-term osteoporosis research) has become a widely recognized model of human osteoporosis. This model mimics early postmenopausal changes in skeletal biology and not the disease, postmenopausal osteoporosis. There has been reduced bone strength demonstrated in the overiectomized monkey but no spontaneous fractures. Several studies showed that ovariectomized monkeys had consistently lower failure loads (femoral neck cantilever compression test failure load, vertebral compression test failure load) and spine bone mineral density than intact animals. There was also the trend toward lower values for cancellous bone volume recognized. The development of osteopenia and loss of bone strength are accompanied by changes in bone dynamics and increased porosity in cortical bone.

Estrogen replacement therapy (ERT) using 17β-estradiol, cyclic progesterone, conjugated equine estrogens, medroxyprogesterone acetate, alone or in combination, in ovariectomized monkeys protected against osteopenia, increased spinal bone mass and decreased bone turnover.

Selective estrogen receptor modulator (SERM) such as raloxifene, lasofoxifene, and levormeloxifene act as estrogen agonists in bone and cardiovascular tissue but not in breast or uterine tissue. All inhibited bone turnover and maintained spine bone mineral density in ovariectomized monkeys but didn’t prove as affective as the estrogenic compounds.

Treatment with the synthetic, anabolic androgen nandrolone decanoate increased vertebral mechanical strength, prevented osteopenia, and decreased turnover in the estrogen-depleted cynomolgus macaque.

The bone formation-enhancing effects of parathyroid hormone (PTH) have been examined extensively in the ovariectomized monkey model. PTH stimulates skeletal remodeling, increased spinal bone mineral density, increased bone strength, significantly improved trabecular architecture as shown in different studies.

Efficacy, safety, and mode of action of the bisphosphonates alendronate, zoledronate, ibandronate, clodronate has been studied in estrogen-depleted rhesus macaques and baboons. Those drugs exhibit a strong affinity for bone and effective inhibition of bone resorption.

A novel osteoporosis therapeutic tested in cynomolgus monkeys is strontium ranelate that has a strong affinity for bone and is incorporated by surface exchange or ionic substitution. In a 6 month treatment trial in cynos it decreased histomorphometric indices of bone resorption while maintaining those of bone formation in alveolar bone.                                                                  

Other novel compound tested in monkeys are inhibitor of cathepsin K, an osteoprotegerin analogue and a potent antagonist of αvβ3 integrin. The issue with inhibitor of cathepsin K is its specificity because cathepsin K is also expressed in cells other than osteoclasts, which’s activity it inhibits. Osteoprotegerin is a cytokine that inhibits osteoclast activity and the αvβ3 integrin antagonist prevents ostioclast-mediated bone resorption.

Questions:
1. Why is the NHP model superior to the rat model of osteoporosis?

2. List at least 3 methods used in assessment of quantity and quality of bone in NHP!

3. What is the preferable NHP model of osteoporosis and how is it achieved?

4. Name some therapeutic agents of osteoporosis that have been tested in NHP!

Answers:
1.                  Nonhuman primates have been used because their trabecular and cortical bone remodeling processes, monthly menstrual cycles, and reproductive-hormone patterns are similar to those of humans, whereas in rats the skeleton undergoes modeling (change in size and shape) throughout life involving uncoupled activity of osteoclasts and ostioblasts and does not usually remodel cortical bone. NHP are amenable to methodologies that assess bone quantity and quality as used in humans. 

2.                  dual energy x-ray absorptiometry (DXA)

- quantitative computed tomography (QCT),

- histology as well as static and dynamic histomorphometry

- biomechanical testing

- assays that evaluate biomarkers of bone metabolic processes 

3.                  surgical or chemical overiectomized monkey; chemical induction of ovariectomy using gonadotropin-releasing hormone agonist [GnRH-Ag], advantage: reversible

4.                  selective estrogen receptor modulator (SERM): raloxifene, lasofoxifene, and 

        levormeloxifene

- synthetic, anabolic androgen nandrolone decanoate

- parathyroid hormone (PTH)

- bisphosphonates: alendronate, zoledronate, ibandronate, clodronate

- inhibitor of cathepsin K

- osteoprotegerin analogue 

- antagonist of αvβ3  integrin

- estrogen replacement therapy

Neoplasms of the Reproductive Tract: The Role of Hormone Exposure (page 178-188)
The author presents an overview in neoplasms in women coursing from the developmental stages through post-menopausal period.  A basic understanding of hormone-dependent neoplasms, hormonal influence and cancer risks are necessary when selecting a practical model for investigation.  Women exposed in utero to the potent estrogen diethylstilbesterol (DES) results in an increase risk of vaginal cell carcinoma and cervical.vaginal squamous carcinoma, neonatal exposure to DES in the Syrian hamster and outbred CD-1 mouse model results in uterine adenocarcinoma.


Endometrial cancers express estrogen receptor alpha in association with estrogen exposure in women.  Type I estrogen dependent neoplasms show mutation in DNA mismatch pairs and the PTEN gene.  Type II estrogen independent neoplasm over express mutated forms of tumor suppressor gene p53.  Genetically modified mice lacking functional p53 and PTEN are tumor prone but the tumor phenotype is not targeted to the endometrium as a result lymphomas and a variety of neoplasms occur.  Generalized risk factors remain throughout a women's reproductive life and contribute to the incidence of endometrial cancer (obesity, hypeinsulinemia, hyperandrogenemia, hyperestrogenism etc)  In premenopausal period ovarian dysfunction (polycystic syndrome and anovulation increases the this incidence.  Unopposed estrogen replacement increases the risk of endometrial cancer which increases overtime.  In the rat model the Han/Wistar outbred, BD11/Han inbred, Donryu rat and the Sabra hypertension prone all have increased incidence of adenocarcinoma. Contributing factors in these strains include increased estrogen, elevated estrogen/progesterone ratio, nulliparious, age and progestin. Nonhuman primates (NHP) share specific endometrial physiology of humans but the main limitation is that they rarely develop spontaneous neoplasms.  Protracted use of estrogen in NHP produces endometrial hyperplastic changes but endometrial carcinomas have not been induced in macaques having similar serum estrogen levels found in women.  Hormonal effects can still be measured using biomarkers for cell proliferation.  In this system the estrogens would show an increase in proliferation and the progestins would show a decrease.  Tamoxifen the first selective estrogen replacement modulator (SERM) increased the risk for endometrial cancer due to its uterotrophic effect.  Tamoxifen-induced endometrial cancers have been reported in rats but there are differences in metabolism and appears variation in sensitivity among strains.  In NHPs tamoxifen causes a cystic change in the endometrium.  Other domestic models of uterine epithelial models are rare and included the ox, dog and the cat.  Lymphomas predominate in the ox with cystic endometrial hyperplasa occurs in the cat and the dog.  Uterine adenocarcinoma is the most frequent tumor in the aged rabbit.  Endometrial carcinomas can be induced using estrogens and methylcholanthrene.  Progestins lower the incidence of induced tumors and may cause regression.


Ovarian surface epithelial cancer risk factors include androgen exposure and progesterone deficiency with _expression of estrogen and progesterone receptors inconsistent. Pre-menopausal women exposed to androgen excess increases risk of incidence where progestin decreases it. A clear link with hormonal exposure and increased risk of incidence has not been identified.


One report suggests unopposed estrogen could contribute. There appears to be heterogeneity in disease _expression.  A specific polymorphism (A2) in the estrogen- metabolizing enzyme CYP17 was associated with increased risk of epithelial ovarian cancer. A number of primary ovarian carcinoma xenografts have been established in nude and SCID mice along with a spontaneously transformed syngeneic ovarial surface epithelial cell line established as a metastatic tumor model in C57BL6 mice.  Natural occurrence in rats is uncommon with current strategies include tumor induction and transplantation.  Aged laying hens and pideons develop ovarian surface epithelial neoplasms.  Medroxyprogesterone acetate decreases the incidence.  This potential provides a model for ovarian cancer prevention by the use of progestin.


Cervical cancers generally arise in association with human papilloma virus subtypes 16 and 18 which appear to be promoted by hormonal exposure and do not have sex steroid receptors. There may be an additional adverse effect to this tumor type by the use of progestin oral contraceptives.  In post-menoposal women cervical cancer is hormone independent with no sex steroid receptors. Human cervical xenografts in mice also appears to be hormone independent.  Genetically modified mice in one study showed that estrogenic stimulation of HPV-18 transgenic mice promoted cervical carcinogenesis.  Papillomavirus have been identified with benign papillomas and malignant epithelial neoplasms of the cervix and vagina in macaques.


Cervical neoplasms in domestic species are rare with the bovine papillomavirus infections being associated with fibropapillomas and malignancies of the urinary and GI tract.

Questions:

1)
What drug given in neonatal mice and hamsters can result in uterine adenocarcinoma?

2)
Name two characteristics that endometrial and ovarian surface epithelial neoplasms have in common?

3)
Tamoxifen increases the incidence of ovarian surface epithelial neoplasms due to its uterotrophic effect T or F?

4)
The use of progestin can reduce the incidence of endometrial and ovarian surface epithelial cancers?

Answers:

1)
Diethylstilbesterol (DES)

2)
Hormone dependent, express sex steroid tumor receptor

3)
False. Increase endometrial cancers.  This drug forms the criteria in which all other SERMs are measured.

4)
True

Cognition, Mood Disorders, and Sex Hormones (pages 189-199) 

Introduction

-It is difficult to conduct mood, cognitive function and ovarian dysfunction studies in people.  People are noncompliant and this also makes it difficult to evaluate steroid replacement therapies

-Exogenous hormones are given by several different routes of administration.


-Animal models make it easier to correct for these issues

-This is a review of the literature, especially estrogen because most research has been done with this hormone.

Estrogen, SERMs, and Cognition

Public Health Concern

-Understanding fluctuations in congnition related to menstrual cyclicity will help, especially as women enter combat and flight training.

-Human lifespan has increased, but ovarian senescence has stayed the same, one third of a woman’s life may be spent in ovarian senescence.

-Studies suggest mechanisms whereby exogenous estrogen replacement can be neuroprotective and help cognition

-Although this is confusing and there have been mixed reviews, some studies show the opposite, including an increase in dementia, and little is known on the effects of progestins.
Value of a Primate Model

-Primate cognition is driven by:  foraging for food and interactions with other monkeys.

-Results in increased size of brain, expanded neocortex, flexibility and visual sensory cognition.

-Old world monkeys and apes have a menstrual cycle, which makes them ideal for studying steroid effects, their cycles are similar to women in length and hormones

Monkey Studies of the Relation Between Sex Hormones and Cognitive Performance

Endogenous Sex Hormones and Cyclic Variation in Cognitive Performance

-Fluctuations in endogenous sex hormones should cause fluctuations in cognitive function


-A study was designed to test this theory using young female rhesus monkeys

-Spacial delay tests, which test hippocampal function, monkeys performed better when estrogen levels were low in the follicular and luteal phases.

-Coincides with belief that male mammals have better spacial ability than females

Effects of Menopause and Estrogen Replacement on Cognitive Function
-In macaques, menopause occurs in the third decade of life.

-In a study comparing menopausal and pre-menopausal monkeys, delayed memory performance was impaired in menopausal monkeys, these monkeys also had less urinary estrogen metabolites.

-Another study looked at ovariectomized cynos who were treated with estrogen or placebo.  Ovariectomy decreased attention and estradiol increased attention span after 14 months of treatment.  Scopolamine was also administered, which caused more affects in the estradiol treated group, suggesting that estradiol loss deleteriously affected memory.

-Estrogen effects may be age-dependent, whereas animals that had undergone ovariectomies early in life had less age associated special memory deficits.

-Estrogen effects are also affected by route of administration, whereas in a study where estrogen was administered monthly, more closely resembling endogenous estrogen reversed age related cognitive deficits.

Summary:  Estrogen and Cognition in Primates

Age and estrogen interact to influence some cognitive processes.  Positive effects of estrogen on spatial memory are mediated in hippocampus.  Estrogen effects are more prevalent on spatial working memory vs. nonspacial reference memory and this is affected by route of administration, it is better to administer only a few days, more closely resembling endogenous hormone exposures.

Stress-related Mood Disorders
Public Health Issue
-Depression affects 10% of the population, risk of depression begins in women at puberty and continues through menopause, especially during puberty, postpartum, PMS, perimenopause and using oral contraception.

Value of the Primate Model
-Anhedonia and low ranking allows a NHP to focus on environment and be less goal orientated for the good of the group.

-Monkeys are ideal to study depression because:  similar homology, have status which affects social rank, complex cognition, monkeys have close attachment bonds.  Loss of attachment causes depression, monkeys have similar physiology in regards to puberty, pregnancy, and menopause.

Monkey studies on stress, mood, and sex hormones

Social stress-associated depression in adult female monkeys

-Social subordination is stressful.  Subordinates are aggressed more, are fearful, and have high cortisol levels.

-Social subordination is stressful and causes altered dopaminergic function in primates.

-Depressive behavior in monkeys is a slumped or collapsed posture with lack of responsiveness to stimuli, subordinates show more of this behavior.

Behavioral neurobiology of endogenous sex steroid regimens

-Significant amount of women experience negative mood changes and irritability when using oral contraception (OC).

-A two year study of triphasic OC in 75 cynos over 2 years, they showed increased contact aggression received, decreased heart rate and increased aggression, they also had decreased serotonergic activity.  After a year after removal from OC these animals had increased contact aggression and reduced prolactin (suggesting decreased seronergic activity).  These animals also had complex affects on their social structure, showing a link between social stress and exogenous hormone use.

-Estrogen replacement therapy in peri and post menopausal women causes improved mood, but adding a progestin component causes depressed mood, monkey study saw similar findings to the OC study.

-Soy phytoestrogens have also been evaluated, but these did show to increase serotonin production in dominant monkeys, this was not true in subordinates tested. 

Summary

-Depression is not necessarily just an adaptive response to adverse environmental conditions, in women it is associated with changes in reproductive conditions.

-OC and HRT causes changes in behavior and underlying neural function

Sex steroid effects in the neural serotonin system

Public Health Issue

-Affects of women having mental health issues have a huge public health impact because of their influence over children.  

-The times that women have increased risk is PMS, premenstrual dysphoria, postpartum depression and psychosis, and memory and cognition after menopause.

-Better understanding of how estrogen, progesterone, stress, and genetics affects serotonin release, nervous pathology to determine successful therapeutics.

Value of a primate model

-They are very good models of human reproduction and nervous systems.

Monkey studies on sex hormones

-Serotonin can be envisioned as the sum of several processes including synthesis, reuptake, degradation, and nervous activity to drive release and receptor activation.


-SERT is the serotonin reuptake gene


-5HT1A inhibits serotonin neural activity


-MAO (monoamine oxidases) degrades serotonin

-Spayed monkeys show very low TPH mRNA until estrogen is replaced.

-5HT1A is in the spayed monkey raphe which decreased with estrogen therapy.

-MAO-A prefers serotonin metabolism and MAO-B usually degrades catecholamines and serotonin.

-SERT is very high in spayed females, decreases with hormone therapy (except after prolonged exposure) then it slowly increases.  SERT is detected in low levels in depressed subjects.

Summary, prospects, and need additional research

​-Monkey studies on sex hormones, mood, cognition, are helpful in expanding role of sex hormones.

-More experiments are necessary.

-Monkeys are good models but consider the difference in surgical menopause to natural menopause.

-Monkey models of social depression are very important, they will be useful with new imaging techniques and will be helpful for determining therapies.

 

QUESTIONS AND ANSWERS

What is primate cognition driven by?


Foraging for food and interactions with other monkeys.

 

Which nonhuman primates have reproductive cycles similar to humans?


Old world monkeys and apes

 

What does the use of oral contraception in NHPs cause?

Increased contact aggression, decreased heart rate, and reduced prolactin, this lasted for at least a year after removal.

 

What is depression associated with in women?


Changes in reproductive function.

 

When do cycling female monkeys perform better on special delay tests?


When their estrogen levels are low.

When are women at increased risk of depression?

Puberty through menopause, especially puberty, post-partum, PMS, perimenopase, and during oral contraception use.
Usefulness of the Monkey Model to Investigate the Role of Soy in Postmenopausal Women's Health (pages 200-211)

Macaques have been investigated for use as an animal model for postmenopausal women. Postmenopausal women have a myriad of serious health issues including cardiovascular disease, osteoporosis, breast cancer as well as menopausal symptoms such as hot flashes and memory loss. Macaques are good models because they have so many similarities with women including similar lipid/lipoprotein metabolism, coronary artery anatomy, similar skeletal anatomy, 28 day menstrual cycle with hormone fluctuations. They also experience declining ovarian function and irregular menstrual cycles when they approach 24 to 29 years of age. Macaques only have a short lifespan after natural menopause so to use them as a research model they have to have surgical ovariectomy at an earlier age.

Most or all monkeys can convert the soy isoflavone daidzein to the metabolite equol.

Only about 30% of women can do this and it has not been determined if the benefits of soy seen in the studies with the  ovariectomized monkey model (Omm) will apply to all pm women or only the subgroup that can convert daidzein to equol. There are also some other differences between pm women and ovariectomized macaques. These are pm women have a level of estradiol of 15-25 pg/mL, Omm have estradiol levels of less than 5 pg/mL. In the Omm there are negligible testosterone levels while in the  pm women the testosterone levels are still 14-19 pg/mL even 24 months after the last menses.

 Soy is being investigated as an alternative to estrogen replacement in postmenopausal women. Soy protein contains three compounds  called phytoestrogens, these are genistin, daidzein, and glyceitin. The studies reviewed in this paper reflect controlled studies to determine whether soy can have positive affect on pm woman including parameters of cardiovascular health, lipoprotein metabolism, breast cancer, bone health and other effects.

 Cardiovascular effects- This is the number one cause of mortality in women in the US.

Among North American Women the rate of heart disease after menopause is two to three times greater than that of premenopausal women of the same age.

 Soy, Lipids and Lipoproteins

Plasma lipids/lipoproteins are risk markers for atherosclerosis in humans and monkeys.

After menopause women's plasma lipid/lipoprotein concentrations tend to shift from a protective profile ( hi HDL and low LDL) to the opposite. Ovariectomized monkey models( Omm) fed a " Western diet" have reduced HDL and increased LDL cholesterol levels. These changes are associated with progressing coronary artery atherosclerosis in these monkeys.

In 1999 the FDA issued a health claim saying that 25 grams of soy protein daily as part of a diet low in saturated fat and cholesterol may reduce the risk of heart disease. This was due a paper written by Anderson  in 1995 and a meta analysis of the data. Since 1999 there has been papers refuting the claim based on the analysis by Anderson.

  The information in this paper explains why there may be  a disparity in response to soy by ovariectomized monkeys and postmenopausal women.

       In many studies soy-fed postmenopausal monkeys had  increases in plasma HDL of 20 to 30 % and decrease in LDL of 30 to 40 %. However similar studies in humans reported only very slight changes in women, ie 6 % decrease in LDL and no change for HDL.  There are three main reasons for these differences.

    First in human trials the soy protein has been  highly variable, soy milk, soy powder, soy pills with a varying amount of phytoestrogens. Monkey studies have shown that the beneficial plasma lipid/lipoprotein response is greater when the soy still contains phytoestrogens ( soy+) as opposed to soy which has had they phytoestrogens removed by alcohol washing( soy-). Studies where phytoestrogens were removed and then given to women or monkeys there was no beneficial plasma lipid/lipoprotein response.

   Second there seems to be a wide variation between monkeys given the same "dose" of phytoestrogens with their resulting plasma phtyoestrogen concentration. Also surprising, was that there seemed to be an "optimum" plasma phytoestrogens concentration that yielded the best response in decrease in LDL and VLDL, increase in HDL and marked inhibition of coronary atherosclerosis. This was a level of  less than 400 nmol/L. At a level of greater than 700 nmol/L plasma phytoestrogens concentration there was no improvement in plasma lipid profile or coronary artery atherosclerosis in monkeys.

    Thirdly it is apparent that monkeys and women metabolize soy phytoestrogens differently. In nearly all monkeys the soy phytoestrogens daidzein is broken down in the intestine to the metabolite equol. This occurs only in 30% of women. There has been one study in women that showed if they could metabolize daidzein to equol they could lower their total cholesterol( 8.5%), LDL(10%) and triglycerides (21%) but if they couldn't there were no changes in the plasma lipid profile. More research is needed in the area.

 Soy and Arterial Function : Studies in monkeys suggest that soy may also inhibit atherosclerosis  progression through  other mechanisms independent of their plasma lipoprotein concentration effects. One mechanism is a direct effect on arterial function both dilation and constriction. In monkeys vascular activity has been studied, in human both vascular reactivity an arterial compliance has been studied.

In monkeys coronary arteries of pre and post menopausal monkeys respond differently to intracoronary acetylcholine. Premenopausal monkeys fed soy(+) for 6 months had arterial dilation of 6%. Premenopausal monkeys fed soy(-) had arteries that constricted 6%. In postmenopausal monkeys fed soy (+) there was  a constriction 6 %. but those treated with estradiol dilated 5%. However when combining the soy(+) diet and the estradiol the dilation of the arteries was 12%. It appears as if the soy and estradiol combined together had the best effect.

In woman there has been reported a difference of effects of soy phytoestrogens on arterial vascular reactivity among pre and post menopausal women. In pre-menopausal women the phytoestrogen genistein caused a dilation of the brachial artery. In postmenopausal women the results are mixed. There have been studies reporting soy added to the diet increases brachial artery dilation and that soy has no effect on brachial artery dilation.

There is also some data indicating that soy may also exert a beneficial effect on arterial function through its effects on arterial compliance. These studies were done in women

    The potential effect of soy on myocardial ischemia has also been studied in macaques.

Genistein is known to markedly lower the serotonin content of platelets. During quantitative angiography in female macaques, collagen was perfused into the left circumflex artery to induce platelet aggregation and serotonin release and downstream blood flow was quantified. Monkeys on the soy(+) diet had one third the reduction in blood flow of those on the soy(-) diet.

Soy and Atherosclerosis

  Monkeys are fed a diet moderately high in cholesterol to develop atherosclerosis.

In a randomized study surgically postmenopausal cynomolgus monkeys were fed soy(+) or soy (-) for three years. Monkeys fed the soy(+) had significantly( p=0.02) reduced internal carotid artery atherosclerosis and tended( p=0.12) to have reduced amounts of coronary artery atherosclerosis. There was no group fed animal protein to compare the soy(-) group to.

Bone effects

 Macaques have been studied extensively as a potential animal model for osteoporosis.

Macaques have the important similarity to human skeletons in that they both have haversian osteonal remodeling in cortical bone. Rodents do not have this characteristic.

Monkeys reach peak bone mass at age 10 years. To study osteoporosis the monkeys are surgically ovariectomized at age 10. They will then tend to loss about 9% of their bone mass most of it in the first year. Monkeys ovariectomized before age 10 have arrested bone development but not bone loss.

Soy and Osteoporosis

Bone contains both alpha and beta estrogen receptors. Estrogen replacement in both postmenopausal women and monkeys slows down the postmenopausal bone loss. Studies with postmenopausal women and soy effect on bone loss have been mixed.

Most animal studies evaluating soy's effect on bone loss have been done in rats. These studies are mixed but tend to show some bone-sparing effect of soy.  In one study using surgically created postmenopausal monkeys estradiol supplement had a positive effect on bone loss but the soy diet did not. In a similar monkey study the monkeys receiving conjugated equine estrogens had higher bone mass and decreased bone turnover compared to monkeys fed soy and control monkeys.

Breast Effects

The mammary glands of cynomolgus monkeys and women are very similar. They are anatomically similar in nerve innervation, mechanisms of glandular secretion and lobuloalveolar and ductal cytokeratin, as well as sex steroid receptors. Due to the lack of aged female macaques there are no statistics on breast cancer in macaques. One group used the mammary gland _expression of the proliferation marker Ki67 and epithelial area as surrogate markers for breast cancer promotion.

Investigators first became interested in soy as a breast cancer protective agent when comparing the rates of breast cancer in women in Japan to women in the US. The difference in soy in the diet was thought to make the difference.

In a monkey study, surgically ovariectomized macaques were treated with placebo, E2, soy (+), or both soy(+) and E2.  E2 treated monkeys had a significant increase in Ki67 labeling compared to placebo animals. Soy(+) treated animals did not have a proliferation of Ki67 labeling. Combining soy and E2 resulted in an attenuation of the E2 induced proliferation.

Hot Flashes 

 These vasomotor symptoms of flushing, increased skin blood flow and temperature, increased heart rate and sweating on the face neck and chest can last for 5 years and are the primary reason why women seek medical attention during menopause. The cause is not completely understood. Two studies have been done with rhesus monkeys to evaluate the mo key as a model for hot flashes. In one study, temperature fluctuations in the ear pinna of ovariectomized rhesus monkeys were measured. Temperature fluctuations were reduced with estrogen therapy to the monkeys. In another study skin temperatures were measured in stump-tail macaques ( /Macaca arctoides/) before and after ovariectomy. Skin temperature fluctuated a lot after surgery but not before. Treatment with two different hormone therapies (ethinyl estradiol or tibolone) stopped the fluctuations in temperature. Post menopausal cynomolgus monkeys had more frequent episodes of increased temperature compared to the same type of monkeys treated with estrogen.

There is no data on the effect of soy on postmenopausal monkeys. The results in studies with women are mixed. This may be due to the difference in soy metabolism in women.

Soy as a Complementary or Alternative Hormone Therapy for Women

Based on the data presented it appears that soy alone may not be an adequate therapy for postmenopausal women but soy added to estrogen replacement may be better than estrogen alone. Examples of why include:

-- cyno macaques with pre-existing atherosclerosis treated with soy had no significant difference in aortic cholesteryl content compared to control, but estradiol treated monkeys had a significant  reduction in aortic cholesteryl. Cynos treated with soy plus estradiol had  a larger than additive effect on reduction in aortic cholesteryl.

- interaction of soy and synthetic tibolone  in macaques had  a positive  effect in that the soy modified the tibolones predilection for decreasing HDL cholesterol.

Conclusions:  Macaques( that are surgically ovariectomized) are good models for postmenopausal women. Studies using macaques have indicated some areas where soy may beneficial to postmenopausal women( atherosclerosis, breast cancer. Monkey studies have also indicated soy will probably not have a positive effect alone on bone loss. Many studies indicate that soy and estrogen together may be complementary therapy. Further research into the difference between women and macaques converting daidzein to equol need to happen. 

Questions:

1. Human and macaque females have many similarities; which listed below is NOT a similarity?

a)      28 day menstrual cycle

b)      similarities in lipid/lipoprotein metabolism

c)      coronary artery anatomy

d)      metabolism of daidzein

2. A major difference between the ovariectomized monkey model and postmenopausal woman is?

a.)    myocardial infarction rate

b.)    plasma estradiol levels

c.)    skeletal anatomy

d.)    mammary glands

3. Macaques are better to use for osteoporosis studies than rodents because

a.)    macaques stand upright like man, rodents do not

b.)    macaques reach peak bone mass before rodents do

c.)    macaques have haversian osteonal remodeling in bone and rodents do not

d.)    macaques can be taught to drink milk, rodents cannot

4. All of the following are phytoestrogens except...

a.      daidzein

b.      genistin

c.       glyceitin

d.      genistzein

Answers:

1. d

2. b

3. c

4. d
Role of the Nonhuman Primate for Research Related to Women's Health (page 212-219)

Summary:  This paper describes some nonhuman primate (NHP) models that have been established to study specific aspects of women¹s health.  It also identifies some areas of study that might benefit by the development of nonhuman primate models.  Major advantages of using NHP models include their biological similarities to humans and the ability to control their environment and manipulate therapeutic interventions.


Anovulatory Infertility ​ Approximately 4.9 million women are infertile, equal to 8.4% of the population between 15 and 44 years of age.  In general, however, animals do not experience infertility. Women with anovulatory infertility may still menstruate and have follicles in the ovaries, but they do not respond with follicular development to standard ovulation induction protocols.  The cause for this is unknown.  The study of primates could be useful to study this condition since follicular development and ovulation as well as the hypothalamic pituitary ovarian axis are very similar between nonhuman primates and women.


For many infertile couples undergoing assisted reproductive techniques, fertilization does occur. However, the pregnancy is then lost.  It is believed that this occurs in the luteal phase of the cycle related to implantation, due to genetic abnormalities of the embryo, or due to early pregnancy loss.  It is hypothesized that NHPs may be useful in the study of implantation.


Endometriosis ​ Pelvic endometriosis is a major medical problem for women, it is present in 40-70% of infertile women who have no other apparent cause for infertility.  Although it may not induce pain in some women, others experience chronic abdominal or pelvic pain, dysmenorrheal, and dyspareunia.  The cause of this condition is still unknown.  NHPs could be used to study the inheritance patterns, the cause(s), and treatments for the disease.  Perimenopausal transition ​ Changes in the menstrual cycle with infrequent ovulation are a hallmark of the perimenopausal transition.  Female NHPs >24 years experience menstrual irregularity and ultimately a menopausal state similar to that in humans.  However, NHPs usually only live 1-2 years after this.  


It has been noted that social status (and resultant stress levels) may affect ovarian function and/or other diseases in humans.  Alterations in menstrual cyclicity result in an increased occurrence of coronary artery disease in postmenopausal women.  In primates, it appears that hypoestrogenism associated with changes in the social hierarchy results in significant atherosclerosis and associated bone loss.  In humans, it is hypothesized that anovulation from any stress-related cause (or use of corticosteroids) could result in significant dysfunction in the premenopausal women that could then be the cause of disease in the postmenopausal women.

POSTMENOPAUSAL WOMEN

Cardiovascular disease ​ Three randomized clinical trials were conducted in women to study the effects of hormone replacement therapy in postmenopausal women.  They were the Heart and Estrogen Progestin Replacement Study (HERS), the Estrogen Replacement and Atherosclerosis Study (ERA), and the Women¹s Health Initiative (WHI).  It was found that estrogen supplementation does not reduce the incidence of coronary heart disease.  In fact, it may increase a woman¹s chance to develop breast cancer. This is in contrast to the findings in NHP studies.  Previous studies in NHPs had shown that, use of hormonal therapy resulted in reduction in the extent or atherosclerotic plaque in coronary arteries or iliac vessels.  However, from this observation, it is hypothesized that hormone replacement therapy may be beneficial if it is begun early, prior to extended periods of hypoestrogenism.  Many of these studies have utilized cynomolgus macaques.


Stroke and Venous Thrombosis ​ Postmenopausal women using hormone replacement therapy are at an increased risk of developing venous thrombosis and/or pulmonary emboli.  When thrombosis occurs in the arterial system, it may cause myocardial infarction or stroke. Primates could be used as a stroke model in which active interventions can be used to decrease the development of resultant tissue necrosis and neurological impairment.


Cognition and Mood ​ Women may live 35 years or longer after their menopause.  Alzheimer¹s disease has a female:male ratio of 3:1. It is a form of senile dementia and occurs primarily in individuals over 75 years of age.  Women are also more likely to develop depression. A lack of social support during pregnancy can contribute to the development of depression.  As concentrations of neurotransmitters substances (serotonin, norepinephrine, or dopamine) can be influenced by hormone levels, hormonal manipulations may be useful in preventing or treating cognitive or mood disorders.  NHPs could be useful models in this area of research.


Osteoporosis ​ ³Osteoporosis-related fractures, particularly those of the hip, result in significant morbidity and mortality.  Of the individuals who experience an osteoporotic-related hip fracture, 30% do not survive more than 6 mo.²  NHPs appear to loose bone mass in a similar manner to humans during periods of low estrogen.  They may be a useful model in which to evaluate new antiresorptive compounds.


Neoplasia ​ In humans, the rate of breast cancer increases with age (when low levels of estrogen are present).  However, there is suspicion that hormone replacement therapy may contribute to the development of breast cancer.  Breast cancer does not occur as frequently in NHPs as it does in humans and may not develop for similar reasons.  Therefore, NHPs may not be useful in examining the relationship of hormone replacement therapy and the development of breast cancer in women.


Glucose and Insulin Metabolism and Diabetes Mellitus -  NHPs have similarities to humans in body composition, insulin sensitivity, and  type 2 diabetes mellitus.  They may be useful in studying if hormone replacement therapy may decrease the risk of developing type 2 diabetes mellitus.  An advantage to their use over the study of human subjects is the ability to control the NHPs¹ environment and limit confounding variables.

Questions:

1. What is one means of objectively measuring bond density?

2. What is the term that describes the deposition of visceral fat and is known to be associated with diabetes mellitus?

3. Define dyspareunia.

Answers:

1. With use of dual energy x-ray  absortiometry.

2. central obesity 

3. pain during or after sexual intercourse

