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Thinking outside of the mouse box: The importance of comparative laboratory animal models in research  page 1

SUMMARY: [Reviewer’s Note - Any parts of this introductory article which recapped specific articles published in this ILAR issue were not reviewed as other LABSG members will be summarizing these articles for the LABSG list.]  

The power of genetics has revolutionized basic research science and drug discovery and is beginning to affect patient care.  For much of the lab animal community, the laboratory mouse has become the model organism of choice.  Genetically engineered mice are becoming more readily and widely available.  However, we should not consider discontinuing altogether research programs in other animal species, even “exotic” mammalian and nonmammalian vertebrates.  We should not discard the comparative approach that formed the foundation of knowledge for so many researchers because some problem, current and future, may require comparative solutions.  Variation between and within species is important and cannot be ignored.  Discovery of variability in physiological processes and their underlying molecular and genetic mechanisms can reveal creative “solutions” to basic biological and applied clinical problems.
QUESTIONS

1.  The genome of which of the following mouse strains has been almost fully sequenced?
A.  CD-1             
B.  C57BL/6J 
C.  129
D.  DBA 
E.  BALB/C
ANSWERS

1.
B.  C57BL/6J
Top-down approaches to the study of natural variation in complex physiological pathways using the white-footed mouse (Peromyscus leucopus) as a model  page 4


Humans possess complex neural and endocrine pathways which can vary among individuals.  Additionally natural variation may also occur from environment and from our genetic makeup.  For instance individual variation may cause one person to tolerate a drug well whereas another individual could have a life threatening reaction to it.


Presently, genome projects using microarray methods and genetic markers, try to correlate variability in small groups of genes with conditions causing disease or negative states of health.  This approach which connects genes to phenotype is called a bottom-up approach.  If a disease is tied to single alleles or small groups of alleles, this approach should be successful.  However, if alleles are pleiotropic and influence many possible physiological effects or if alleles at a large number of loci have epistatic effects on a particular health state, determination of the interaction with the complex neural and endocrine pathways is challenging.


A top-down approach identifies a certain state of health and associates it with sources of physiological or neuroendocrine variation.  These can then be tied to genes with pleiotropic or epistatic effects which will provide a better understanding to complex pathways.

Top-down and bottom-up approaches may yield complimentary information. 


Two different hypotheses seek to make predictions on the extent to which complex pathways are likely to be variable.  The "symmorphosis" hypothesis states that "natural selection operates to produce complex pathways that function optimally or...with a good match, between demands of the environment and each component of the pathway."  The "adequacy" hypothesis states that "although natural selection does act to increase fitness, it produces systems that function adequately, and rarely, if ever optimally" thus resulting in complex pathways that rarely function optimally and that high levels of genetic and phenotypic variation will occur.


The author utilized top-down approaches using a nontraditional animal model to complement molecular-level bottom-up approaches to understand variation.  Laboratory rat and mouse strains were not suitable due to a high degree of inbreeding.  Other mammalian models such as primates and carnivores were too expensive and could not supply the numbers needed to study individual variation.  The pathway that regulates reproduction according to photoperiod is a complex pathway that is found in Peromyscus leucopus, the white-footed mouse, and this was the animal model chosen to test the hypotheses.

Neuroendocrine Pathway of Reproductive Photoresponsiveness


Light is passed from retinal photoreceptors to the suprachiasmatic nuclei (SCN) (circadian clock) through the retinohypothalamic tract.  Neuronal signals travel to the paraventricular nuclei(PVN) in the hypothalamus, to the superior cervical ganglia, and on to the pineal gland.  The pineal gland releases melatonin at night.


The length of rise of melatonin is generated by the circadian system.  Melatonin acts indirectly through the circadian system to modulate the secretion of gonadotropin-releasing hormone (GnRH). GnRH regulates luteinizing hormone (LH) and follicle-stimulating hormone (FSH), which induce sex steroid production and gametogenesis respectively.


Most photosensitive species require melatonin for reproductive (adequate GnRH) and nonreproductive (altered feed intake, body weight, coat color, coat density, nesting behavior, and immune system function) responses.  One mental disorder associated with disruptions in this pathway in humans is season affective disorder.

Natural History and Husbandry


P. leucopus inhabits a wide territory-from southeastern Canada, west as far as the Great Plains states and Arizona, and into eastern Mexico


They adapt to captivity and reproduce.  Litter size is 1-7.  Male and female breeders are often housed continuously unless a male show aggression to the young.  The estrus cycle is 4-5 days.  Gestation is 22-30 days.  A postpartum estrus occurs 1 day following parturition.  Pups wean at 21-23 days.

Identifying Genetically Based Variation in Response to Photoperiod


Offspring of wild-caught mice were classified as 1. strongly suppressed in reproductive development in the presence of short day lengths, 2. intermediate in suppressed reproductive development, or 3. weakly suppressed in reproductive development.  These mice were bred without inbreeding to establish 20-50 breeding pairs of 2 lines-1. individuals that were strongly photoperiod responsive and remained reproductively immature in short daylight and 2. individuals that were relatively photoperiod nonresponsive and reproductively mature.  Control mice were bred without selection.  The pattern of responses to selective breeding suggests that multiple loci may be responsible.

Potential Sites of Individual Variation in the Photoneuroendocrine Pathway


Individual genetic variation may occur at single or multiple places within the photoneuroendocrine pathway or at anatomical locations.

Circadian, or "Biological Clock", Variation


Wheel running activity was measured for mice during short daylight, long day lengths(LD;L16:D8), and constant dark.  Nonresponsive mice (NRM) had a longer free-running period than responsive mice (RM) in constant dark.  Young RM and NRM were exposed to constant dark and reproductive organ development was measured.  RM exhibited delayed puberty while NRM had normal-sized genital organs.  Although both RM and NRM demonstrated circadian cycles, the circadian cycle was not responsible for the interpretation of the day/night cycle in the 2 mouse lines.

Melatonin Secretion


The author did not test for differences in melatonin secretion or sensitivity between RM and NRM.  He did, however, show that NRM that were subjected to mild food restriction had inhibition of the reproductive system with short day but not long day.

Melatonin Receptors


Genetic variation in melatonin receptor abundance or affinity can contribute to differences in photoresponsiveness.

Electrical Response of Neurons to Melatonin


Temperature sensitive and insensitve neurons are present in the anterior hypothalamus.  These neurons were treated to melatonin at a constant temperature.  Although temperature sensitive and insensitive neurons may differ in their responses to melatonin, photoperiod did not induce a response nor was there a difference in the 2 mouse lines.

N-Methyl-D-Aspartate (NMDA) Receptors


Two hypotheses were tested: 1. NMDA-type glutamate receptors influence the timing of puberty in P. leucopus and 2. effects of these receptors would depend on photoperiod.  RM and NRM were given injections of NMDA, the competitive inhibitor MK-801, or a control vehicle daily for 4 weeks.  Mice treated with NMDA had smaller testes and seminal vesicles than the other 2 treatment groups.  Since there were no differences between lines or photoperiods when given the 2 treatments, the author suggests that "differences in the roles of NMDA receptors do not contribute to genetic variation in photoresponsiveness is these mice".

Sex Steriod-Negative Feedback


The hypothesis that individual variation in sensitivity to estrogen-negative feedback governs differences in photoresponsiveness was tested.  RM and NRM were ovariectomized and given injections of either estradiol or a blank and kept in either short day or long day length.  LH was measured in these mice.  LH levels in ovariectomized mice with estradiol (RM) were lower than the mice that were ovariectomized with estradiol (NRM) in short day length.  LH levels were high in ovariectomized mice with the blank (NRM) in both photoperiods and for RM in long day length.  LH was lower in RM in short day length.  This suggests that the variation in photoresponsiveness in the naturalpopulation may be the result of variation in sensitivity to estrogen-negative feedback and to steroid-independent regulation of LH secretion.

GNRH Neuronal Responses


Male mice were castrated and given implants with testosterone. an antibody (SM-41) was used to detect expression of immunoreactivity in the brain.  RM in short day had lower numbers of immunoreactive GnRH neurons than NRM in short day.  Most of the neurons were found in anterior hypothalamus and preoptic areas.  Therefore, individual variation in the GnRH neuronal system may affect variation in photoresponsiveness.

Summary and Conclusion


Genetic variation seem to be present in multiple sites in a complex neuroendocrine pathway and is present in a single natural population of P. leucopus.  This seems to support the adequacy hypothesis.

Questions:

1.  What is a top-down approach?

2.  Are P. leucopus easily bred and maintained in capitivity?

3.  What is the gestation period of the white-footed mouse?

Answers:

1.  Identifying a disease or particular health state and tracking it down to certain consistent findings in genetic material

2.  Yes

3.  22-30 days
Octodon degus: A diurnal, social, and long-lived rodent  page 14

Abstract
Octodon degus is a moderate-sized, precocious, but slowly maturing, hystricomorph rodent from central Chile.  A number of fundamental features of circadian function differ in the degu compared with nocturnal rodents, specifically rats or hamsters.  Many aspects of the circadian system are sexually dimorphic in this species.  These sex differences do not appear until after gonadal puberty is complete.  The developmental timing of circadian function is reminiscent of that reported for adolescent humans.  The author had developed a model that demonstrates how nonphototic stimuli, specifically conspecific odors, can interact with the circadian system to hasten recovery from a phase-shift of the light:dark cycle (jet lag).  Data from degu circadian studies have led to the conclusion that the treatment of some circadian disorders in humans will likely need to be both age and gender specific.
Introduction
In most animals the underlying neural mechanism, a circadian pacemaker, produces daily rhythmic changes independent of environmental changes and is kept in synchrony with the environment by slight corrections in the endogenous mechanism by specific environmental events.  Nocturnal species are sensitive to the entraining effects of even brief, dim light pulses.  Day active animals respond poorly to brief, low intensity light pulses.  The suprachiasmatic nuclei is the site of the dominant mammalian circadian pacemaker.  However, there are physiologic differences in this region between diurnal and nocturnal animals.
Octodon degus
In the wild, degus live in social groupings of 5-10 animals.  They breed once a year during the early winter but may produce a second litter if vegetation does not dry out too quickly.  Male reproductive organs may be mildly sensitive to photoperiod changes.  There is evidence of postpartum estrus.  
In the laboratory, females begin cycling between 12 and 16 weeks of age.  Males are reproductively competent at 16 weeks of age.  Adult size is reached at 6-8 months (180-250g).  Breeding pairs are formed after the animals are 6 months old.  Colonies are maintained on a 12:12 light cycle.  Degus do not readily build nests.  Females typically have 4-6 pups in their first litter and 6-10 pups in subsequent litters.  Single male-female pairs are housed in 20inX20inx8in cages with and without their litters.  Females produce 3-4 litters per year under these conditions.
Adult animals are maintained on Laboratory Rodent Diet 5001.  Lactating females and pups are fed Prolab RMH 2000 5PO6 diet.  Degus should never be fed fresh root vegetables or fruits because they readily become hyperinsulinemic, which leads to cataracts and kidney damage.  Water is acidified through 3 months of age.
Pups are precocious.  They remain in the nest for two weeks.   Pups are weaned at 4-5 weeks at 60-80g.  Severe behavioral and neural deficits are observed in animals raised in isolation after weaning.  After 6 months of age, isolated housing does not cause behavioral abnormalities.  Degus live at least 5 years in the laboratory, and can live up to 7-8 years.  Female reproduction drops off after 4-4.5 years.  
Study results
Degus do not have the extremely precise daily onset of activity found in hamster or grass rats (Arvicanthus niloticus).  They are considered diurnal in the laboratory.

Phase response profiles can be developed using the Aschoff I or II methods.  The Aschoff I method allows the animal to establish a stable free-run in constant condition before pulsing with a timed signal.  In the Aschoff II method, the animal is released form an entrained state, into constant conditions (constant light or constant dark) 24 to 48 hours before a brief light or nonphototic signal pulse.  The Aschoff II method is preferred for degus. 
Sex Differences in Circadian Function
Many of the sex differences in circadian function described in rats, mice, and hamsters are still present in the absence of adult hormones.  Female degus are more responsive to the effects of olfactory signals and males are more responsive to changes in light intensity.  Prepubertal degus do not demonstrate a sex difference in phase angle of entrainment, responsiveness to nonphototic odor signals, or rate of recovery from a phase-shift in the light cycle.
A Model for Recovery from Jet Lag
Recent data demonstrate a close link between the hypothalamic-pituitary-adrenal axis function and duration of the re-entrainment period after a phase-shift in degus and rats.  Degus can be used to address the question of whether social interactions could act as a timing cue in a highly social species.  Female degus recover from a phase-shift of 6 hours 25 to 40% faster when they are housed with another entrained female degu than when they are housed with another female that is recovering from phase shift or when they are housed alone.  Adult testosterone levels diminish the ability of the males to respond to social interaction effect of re-entrainment.
Odors from entrained conspecifics (without any other visual, auditory, or tactile contact), particularly from females, are sufficient to improve the re-entrainment rate.
Conclusion
The precocious state of birth combined with their slow rate of development and multiple sexual dimorphisms in circadian function provide numerous opportunities to address research questions that are relevant to human circadian rhythms and particularly to appreciate the differences in circadian function of different sexes and different ages. 

Questions: 

1.      What is the genus and species of the degu? 

2.      Which of the following are correct regarding the degu? 

a.      Degus are nocturnal
b.      Degus are diurnal
c.      Degus originate from central Chile
d.      a and c
e.      b and c 

3.      Degus have been used to study which of the following? 

a.              Circadian rhythm 
b.      Jet lag 
c.      Diabetes 
d.      Cataract formation 
e.      All of the above 

4.      True or False:  Degus have multiple sexual dimorphisms in circadian function. 
5.      True or False:  Common nocturnal rodents do not have a spontaneous luteal phase that occurs in the longer ovarian cycles typical of degus.

Answers: 

1.      Octodon degus
2.      e
3.      e 
4.      T
5.      T 

The musk shrew (Suncus murinus): A model species for studies of nutritional regulation of reproduction  page 25

Reproduction is the most energetically costly process that a female mammal will ever undergo.  When nutrition is scarce, reproductive processes are one of the first processes inhibited; however, it is highly conserved, adaptive and reversible when nutritional resources become available.  This article explains that musk shrew has proven to be a useful model in the study of peripheral cues and neuronal mechanisms that underlie nutritional infertility.  
The following reproductive functions are inhibited by a negative energy balance:  ovulatory cycles, mating behavior, steroidogenesis, and gonadotropin secretion.  The final common pathway of neuroendocrine inputs in the brain is a group of cells—gonadotropin-releasing hormone (GnRH-1) neurons distributed in a loose continuum from the olfactory bulb caudally to the hypothalamus.  Most of the neuronal processes extend to the median eminence and there secrete GnRH-1 in a pulsatile fashion.
GnRH-1 flow:  hypothalamic-pituitary-portal blood supply - GnRH receptors (anterior pituitary)  gonadotropin (FSH and LH) release - general circulation - to the gonads (steroidogenesis and ovulation) - steroid hormones feedback on GnRH-1 neurons to ​ or  release of GnRH-1
--all of these processes together make up the hypothalamic-pituitary-gonadal (HPG) axis
Other species used for similar reproductive studies:  Syrian hamsters and sheep; in sheep, it was found that growth-restricted sheep have a different distribution of GnRH-1 neurons and decreased GnRH-1 pulse frequency.  Musk shrews have been used because of their unique neuroendocrine characteristics that allow circumventing some of the issues encountered when using the more traditional models.
            - All reproductive deficits in the musk shrew are reversed within 90 min of refeeding
Species Information:
Suncus murinus:  musk shrew
Order Insectivora (indigenous to Southeast Asia, 1st trapped in Guam in the 1960s)
Very high metabolism and store very little fat
Breed at all times of the year; pregnancy rates vary with rainfall patterns (very likely due to the tight correlation with insect population, as insects are the musk shrews’ primary diet
Shrews are NOT social and live in isolation w/ occasional contact ONLY for breeding (CANNOT be housed communally in captivity!)
14:10 light:dark cycle; temperature - 71°F
crepuscular (most active at dawn and dusk)
Housing:  males (♂) and females (♀)maintained in separate rooms, as male odor can influence female reproduction (should minimize contact with male scent in all aspects of husbandry)
Mating: induces puberty; control over pubertal development is regulated by whether or not a ♀ is allowed to mate; ♀ become pregnant virtually every time paired with a ♂(female to male home cage), but rarely after their 1st mating bout; they do not come into estrus before mating and plasma estradiol levels are undetectable until 10 to 15 hours after mating;♀ most likely to become pregnant when bred 4-5 days after giving birth
Gestation:  30 days; 10 day delayed implantation + 20 days gestation once implantation occurs
Avg litter size:  2.5 pups (range, 1-6)
Weaning:  21 days of age, then always house singly (high levels of same sex aggression)
Hormones:  testosterone is the primary steroid hormone produced by the musk shrew ovary; testosterone levels do not increase after mating; musk shrews do not rely on cyclic surges of steroid hormones for display of mating behavior most experiments can be performed in gonadally intact ♀ without concern for maintaining high levels of circulating steroid hormones
Behavioral Regulation of Puberty and GnRH-1:  24-48 hrs post initial mating bout, GnRH content in the forebrain significantly ​; this increase primes for subsequent mating interactions (second mating GnRH-1 ) in which ovulation is induced.
GnRH-II:  most species have 2 forms, and others may have 3; if there is more than 1 form, that found in the mesencephalon is GnRH-II (evolutionary conserved and found across all vertebrate taxa, including mammals); physiologic function has not been determined, but they speculate that it could be an FSH-releasing hormone
-          first placental mammal in which GnRH-II was found; also reported in marsupials; others:  tree shrews, rhesus and stumptail macaques and capybaras and midbrain of mice (using RT-PCR)
-          GnRH-I and GnRH-II differ by 3 amino acids
-          2 types of GnRH receptors [type-1 and type-2] with different distributions and different binding affinities; type-1 (pituitary) and type-2 (number of brain regions)
-          type-3 receptor in fish and amphibians 
-          GnRH-II restores sexual receptivity to food-restricted females; food restriction increased the number of GnRH-II immunoreactive cells in the anterior portion of the midbrain and the GnRH-II fiber density in the median eminence (regulation of reproductive behavior)
Disadvantages of Using Musk Shrews:
1. unique housing requirements - ♂ and ♀ housed in separate rooms and individually after weaning 

2. lack of behavioral or hormonal estrous cycles 

3. hormonal cycles highly affected by caloric manipulation 

4. store very little body fat 
Questions:
1. Give the genus and species name of the musk shrew. 

2. True or False???            The HPG axis is a major target for reproductive inhibition after food restriction. 

3. True or False???            Food restriction inhibits the release of GnRH-1 and the activity of GnRH-1 neurons. 

4. To what order do the musk shrews belong? 

5. True or False???            To maintain sexually naïve female musk shrews, contact with male scent is minimized by housing separately and separating the food, brooms, dustpans, and gloves for males and females. 

6. Name the primary steroid hormone produced by the musk shrew ovary. 

7. Which species have a type-III GnRH receptor? 

8. Which of the following restores sexual receptivity to food-restricted female shrews? 

a. GnRH-I 

b. GnRH-II 

c. GnRH-III 
Answers:
1. Suncus murinus; 2. True; 3. True; 4. Insectivora ; 5. True; 6.  Testosterone; 7. Fish and amphibians; 8. b. GnRH-II  
The prairie vole (Microtus ochrogaster):  An animal model for behavioral neuroendocrine research on pair bonding  page 35

In this study the authors have used monogamous prairie vole (Microtus ochrogaster ) as a model to study the pair bonding, since traditional rodents doesn't exhibit this behavior. A pair bond is defined as a stable relationship between members of a breeding pair that share common territory and parental duties.  One of the interesting aspect of prairie vole males are their significant contribution to nest building, nest guarding, huddling and retrieving pups that wander out of their nests. Most of the behavior expressed in the wild are also seen in lab conditions which makes it easy for the experimentation purposes. Most important is the "partner preference", in which male shows its proclivity towards its own mate than a conspecific stranger which comes at a later stage.It is indicated that the partner preference is very complicated physiological and behavioral process that is influenced by a variety of endogenous and exogenous factors.  Comparative anatomical studies showed that monogamous prairie has fewer oxytocin ( OT) positive cells in medial preoptic area and bed nuclei of strai terminalis, but a higher density of arginine vasopressin (AVP) fibres in the lateral septum of the hypothalamus, than a non-monogamous male, eventhough the AVP/VP ratio is same through out the species. A sexually dimorphic pattern is also observed among them with number and density of the AVP cells. It is noticed that the OT receptor binding is elevated in the anterior olfactory nucleus of female voles by exposure to male chemosensory cues. These finding indicate that social behavior can affect OT receptors. However, mating does not later AVP receptor distribution in voles and it is also observed that the particular distribution pattern of the neuropeptide receptors may be important for these behaviors.


Neuroanaomical studies data suggests that central AVP and not the OT plays an important role in the regulation of pair bonding in male praire voles. Although early studies have shown the AVP involvement in the regulation of the pair bonding in males and OT involvement in females-recent studies indicate that it is much complex. On an investigation on the portion of the brain involved in the pairing, it is found that the LS containing both AVP and OT regulate the pair bond formation. Dopamine also regulates pair bonding and the data indicate that the male and female praire voles differ in responsiveness to dopamine, in that males are more sensitive.  The pair bonding is under the control of various neurochemical systems.  The data indicate that the concurrent activation of OT and the dopamine D2 receptors in nucleus accumbens is necessary for partner preference formation in female prairie voles.  Non-sexual stimuli can also influence pair bonding. The female prairie voles show partner preferences and selective aggression in the absence of mating if the period of cohabitation is long enough. So, nonsexual encounters may affect the affect the mate choice and perhaps partner preference formation in females. One physiological affect is the altered corticosterone (CORT).  It has been shown that the decrease in the level of the CORT may facilitate partner preference formation in female praire voles. CORT treatment even induced the preferences for the strangers. The data indicates that the CORT involvement in pair bonding is sexually dimorphic both increased CORT facilitating partner preference formation in males but antagonizing the same behaviour in females.

So in summary AVP in LS is important in individual recognition, particularly in male rodents. OT is very important in the recognition of the conspecific species. D-2 plays an important role in the partner preferences and D-2 activation is involved in the formation, but not the expression of the pair bonding.

Questions.
1. What is pair bond?

A pair bond is defined as a stable relationship between members of a breeding pair that share common territory and parental duties.

2. Name a model that can be used to study the pair bonding ?

Prairie vole ( Microtus ochrogaster )

3. Which of the following is true?

A. An increase in corticosterone promote partner preference

B. A decrease in corticosterone promote partner preference

C. corticosterone has no effect on partner preference

Ans : B

4. Which of the following are true being involved in the partner

preferences in praire voles.

a. dopamine

b. corticosterone

c. oxytocin

d. arginine vasopressin 

e. all the above

Ans : e

Tracing the evolution of brain and behavior using two related species of whiptail lizards: Cnemidophorus uniparens and Cnemidophorus inornatus  page 46

In the genus Cnemidophorus ancestral and descendant species are still extant unlike in most other genera. Therefore, Cnemidophorus whiptail lizards offer a unique opportunity for behavioral and neural evolution studies due to the direct comparison of the ancestral species Cnemidophorus inornatus and the descendant species Cnemidophorus uniparens. 

Cnemidophorus lizards live throughout southwestern North America, Central America, and South America. They are diurnal insectivores and rarely seen in pairs or groups unless engaged in courtship. In the laboratory they are housed either in groups or as isolates in glass aquaria with a 2- to 3- inch layer of sand and mesh lids. Water is provided ad libitum and they are fed 2-3 crickets or mealworms three times per week. Hibernation is induced for 10 weeks. Hatchlings emerge in an average of 57 days.

Cnemidophorus inornatus is sexually reproducing and has a diploid genome. Its common name is “little striped whiptail lizard” with 6 longitudinal light yellow stripes. Sex dimorphism is displayed with females being smaller and having a pale blue or gray color, whereas males tend to be larger and have bright blue ventral scales. The general size varies between 50 to 70 mm from snout to vent.

Cnemidophorus uniparens, the descendant species, is parthenogenetic that means it is reproducing clonally. The commonly called “desert-grasslands whiptail lizard” is triploid. It is 60 to 90 mm long from snout to vent, with tails as long as two thirds of their body length. It has six longitudinal light yellow stripes and a pale underside that sometimes has a bluish tint. This parthenogenetic species, Cnemidophorus uniparens, developed from an initial hybridization event between the rusty rumped whiptail (Cnemidophorus burti) and the little striped whiptail (Cnemidophorus inornatus), two sexually reproducing species, and a subsequent back-cross of the diploid parthenoform with C. inornatus. Consequently, two third of the triploid genome is derived from C. inornatus, the maternal ancestral species.

The ancestor-descendant relationship of C. inornatus and C. uniparens affords a window into the evolution of behavior and brain.  Furthermore, since C. uniparens displays both male- and female-typical behavior, the neural substrates for the demonstration of masculine and feminine reproductive behaviors can be investigated within the same individual without the major confound of genetic differences. Through the ability of the induction of sexual differences in the parthenogenetic species via the manipulation of steroid synthesis, sex differences in genetically identical individuals can be scrutinized.

This model, comprising the diploid species C. inornatus and the triploid species C. uniparens, provides the opportunity to investigate the effects of ploidy on phenotype.
1. Hormonal Regulation of Sexual Behavior

· sexual activity in males of the ancestral species depends on testicular androgens

· no detectable circulating androgens in the parthenogen, but exogenous administration of androgens stimulates male-like pseudosexual behavior in the parthenogen

· parthenogen has inherited a sensitivity to androgen but not a male pattern of androgen secretion
· nature and pattern of sex steroid hormone secretion in the parthenogen identical to those in females of the sexual species (estradiol gradually increases during follicular development and drops after ovulation, progesterone levels are low during follicular development and increase dramatically around the time of ovulation)

· female-like receptive behavior in parthenogen limited to preovulatory stage, postovulatory surge in progesterone triggers male-like pseudosexual behavior
· pseudosexual behavior in the parthenogen functionally and evolutionarily relevant since in both species the co-housing with sexually active animals (with males in sexual species or with individuals with male like behavior in parthenogens) increases the ovulation rate

· in C. inornatus the progesterone level is uniformly low in males; but in a subset of males that have been castrated, sexual behavior can be reinstated with progesterone in contrast to other castrated males in which it  is only possible with androgen; such individuals referred as progesterone-sensitive males
· progesterone-sensitive males might have been involved in hybridization events leading to C. uniparens
· both testosterone and progesterone can facilitate the display of male sexual behavior in a number of species

· both hormones have the capacity to elicit identical sexual behavior in both studied species, C. uniparens and C. inornatus, but testosterone has greater and more lasting effect on courtship behavior and possibly on the neural circuits underlying this behavior

2. Neural Correlates of Evolutionary Changes in Behavior

· across species, medial preoptic area critical to the regulation of male sexual behavior and ventromedial hypothalamus critical in female receptive behaviors

· considerable evolutionary conservation is present in the distribution of steroid hormone receptors across species
· neuroanatomical distribution of these receptors in the brains of parthenogenic and sexual whiptail lizards similar to each other and to other species with receptor-containing cells in septal, amygdaloid, cortical, preoptic, and hypothalamic nuclei but species and sex differences exist in the regulation and amount of receptor expression
· the parthenogen expresses higher levels of hormone receptor mRNA in many brain areas compared to C. inornatus, an effect consistent with species differences in ploidy; but the magnitude of the difference fluctuates with reproductive state, indicating species differences governing steroid hormone receptor expression (e.g. parthenogen higher levels of estrogen receptor mRNA than C. inornatus after ovulation but only a very small difference in vitellogenic individuals), Note: animals with yolking follicles are called vitellogenic individuals.
· in the parthenogen, estradiol increases progesterone receptor expression in the periventricular preoptic area during vitellogenesis, sensitizing them to postovulatory progesterone surge and priming the display of male-like behavior; in females of the ancestral species no upregulation of the progesterone receptors happens, therefore no male-like pseudosexual behavior
· in C. inornatus exists a sexual dimorphism of the anterior hypothalamus/preoptic area (AH/POA) and ventromedial hypothalamus (VMH), AH/POA larger in males and VMH larger in females; parthenogenetic individuals similar AH/POA and VMH volumes to females of sexual species
· in C. inornatus males AH/POA size increases and VMH size decreases under androgen influence, in C. uniparens androgen does not increase AH/POA volume but triggers male-like behavior
· treatment of C. uniparens eggs with an aromatase inhibitor during development prevents conversion of testosterone to estrogen and results in creation of males in the unisexual species; created males genetically identical to parthenogenetic individuals, but have fully developed male genitalia and motile sperm and display only male-like behavior; but volumes of the AH/POA and VMH not significantly different between created males and normal parthenogens
· because created males have female genotype, capacity for androgens to alter neuromorphology and engender sex differences is linked to male-determining genes
· catecholamins modulate display of social and sexual behaviors in mammals and birds

· considerable homology in the expression of catecholamine synthesizing enzymes across taxa, including mammals, birds, reptiles, amphibians, and fish

· dopamine D1 receptor agonist increases the proportion of individuals displaying mounting behavior and decreased latency for individuals to display this behavior; effect analogous in both species, C. uniparens and C. inornatus, but effective dose different (10 fold higher in C. inornatus)

· this difference could be modulated by species differences in gonadal steroid exposure, sex determining genes, and/or ploidy

Questions:
1. Name the two species of lizards studied and described in this study and at least two differences between the ancestral and descendent species!

2. T/F the parthenogenic species secretes besides estrogens and progesterone also androgens.

3. What hormone triggers the male-like pseudosexual mounting behavior in the descendant species?

a) Estrogen

b) LH

c) Testosterone

d) Progesterone

4. Explain what individuals are referred to as progesterone-sensitive males!

5. T/F both hormones, progesterone as well as testosterone, have the capacity to elicit identical sexual behavior in males, but testosterone has greater and more lasting effect on courtship behavior.

6. T/F a considerable evolutionary conservation is present in the distribution of steroid hormone receptors in the brains across species with receptor-containing cells in septal, amygdaloid, cortical, preoptic, and hypothalamic nuclei.

7. Explain the neuroregulatory mechanism of the male-like mounting behavior of individuals of the species C. uniparens!
8. Which of the following statements is true?

a) In the ancestral lizard species, the AH/POA is larger in females and the VMH is larger in males.

b) Parthenogenetic lizards have similar AH/POA and VMH volumes to males of the sexual species.

c) In C. inornatus males, the size of AH/POA increases and the size of VMH decreases under the influence of androgen.

d) When parthenogens are treated with androgen, the AH/POA volume increases and the VMH volume decreases.

9. T/F The capacity of androgens to alter neuromorphology and engender sex differences is linked to male-determining genes.

10. T/F There are considerable differences in the expression of catecholamine synthesizing enzymes between taxa, including mammals, birds, reptiles, amphibians, and fish.

Answers:

1. Cnemidophorus inornatus: ancestral species, sexually reproducing, diploid genome, sex dimorphism displayed

Cnemidophorus uniparens: descendant species, parthenogenetic = reproducing clonally, triploid genome, no sex dimorphism, individuals display both male- and female-like behavior  

2. False. The parthenogen has inherited sensitivity to androgen but does not secrete androgen.

3. d) postovulatory surge in progesterone

4. In all males of the species Cnemidophorus inornatus, the progesterone level is uniformly low. However, copulatory behavior is sensitive to progesterone in approximately two thirds of sexually active males. In castrated males, sexual behavior can be reinstated with androgen and, in a subset of males, with progesterone. Those individuals are referred to as progesterone-sensitive males.

5. T

6. T

7. In the parthenogen lizard species, the estradiol increases the progesterone receptor expression in the periventricular preoptic area during vitellogenesis. Hence, the estradiol sensitizes those brain areas to the postovulatory progesterone surge and therefore prepares the display of male-like behavior. 

8. c)

9. T

10. False. There is a considerable homology in the expression of those enzymes across species.
The green anole (Anolis carolinensis): A reptilian model for laboratory studies of reproductive morphology and behavior  page 54

Summary:

General advantages that reptiles offer in laboratory studies:

· Ease of obtaining multiple species from the field to replenish wild stock colonies, and thus to attain field relevant laboratory results.

· Remarkable variety of life histories for comparative study.  For example, oviparous vs. viviparous; sex determination based on sex chromosomes (heterogametic) or temperature, etc.

· Common ancestry with birds, therefore reptile research provides an evolutionary perspective on the origins and maintenance of particular mechanisms.

· Maintenance in the laboratory can be simple and cost effective without sacrificing ecological relevance, allowing researchers to study a full range of activities (as one would in the field).

General background on the Anolis genus:

· 400+ species recognized under genus Anolis, with most native to Central and South America and/or the Caribbean islands. 

· Insectivorous, and occupy a variety of habitats, climates, and niches.

· Best known for their dewlaps (extensible throat fans) used for communicative contexts.

· In contrast, A. carolinensis is the only anole endemic to North America (throughout the southeastern US, and introduced to the Hawaiian islands).

· Seasonal breeders (April through July, when gonads are fully recrudesced and sex steroids and behavior are maximal).

· Males are territorial and polygamous, with body size being the determining factor for number of resident females in the territory.

· Females lay single egg-clutches at ~7 to 14 day intervals, buried in the substrate in damp and concealed location and no additional parental care.

· Hatchlings emerge ~ 4 to 6 weeks later depending on the temperature and moisture conditions.

· Inactive during autumn and winter, but do not hibernate.

Laboratory maintenance of A. carolinensis:

· Procurement - through field capture, or through commercial suppliers.

· Capture by hand or by a capture rod and noose.  Do not handle by tail.

· Sexing: look for postanal scales, only males have two enlarged scales just caudal to the cloaca.

· General considerations:

· Ensure that individuals come from the same general collection area to avoid confounding factors due to differences in the population life history traits

· Careful of congeners introduced and thriving in US that may be morphologically similar

Housing requirements (at Michigan State University):

· Proper environmental conditions that mimic breeding and non-breeding times of the year can result in the expression of all behaviors observed in the field (territoriality, courtship, mating, egg-laying, and hatching).

· To mimic reproductive condition: 14:10 light:dark cycle; ambient room temperature varying from 28oC (day) to 19oC (night).

· To mimic non-reproductive condition: 10:14 light:dark cycle; ambient room temperature varying from 24oC (day) to 15oC (night).

· Transition period: 2 week intermediate conditions (12:12 light:dark; 26oC (day) to 17oC (night).

· Humidity: 70%

· House males individually, or in groups of one male and several females.

· Housing: glass aquaria with tightly fitted metal screen tops.  110-L aquarium (76 x 30 x 48 cm) can sufficiently house 1 male and up to 8 females; 21-L aquaria holds individual animal, or male-female pairs.

· For permanent identification: toe clip; for temporary identification: marking with nontoxic paint

· Include incandescent bulb for basking spotlight (on top and to one side of each cage).

· Place lights that emit ultraviolet B (UVB) light close to top of cages (essential for Vit. D3 production for calcium and phosphorous metabolism)

· Provide substrates for perching, basking, hiding, water dish, and area for egg-laying inside cage.  

Animal care and husbandry:

· Spray side of cages with distilled water daily.

· Adults are fed live crickets (Acheta domesticus) or darkling beetle larva (mealworms; Tenebrio molitor) twice weekly during non-breeding season and three times per week during breeding season.

· Check nest boxes daily for eggs when lizards are reproductively active, and incubate the eggs individually

· Egg incubation procedure: in plastic cups, sealed at top with plastic wrap and rubber band, partially buried in a mixture of vermiculite and distilled water, at temperature 27-28oC for ~34 days.

· Juveniles are neither reproductive nor territorial, so multiple males can be housed together, and fed daily with baby crickets dusted with calcium powder and vitamin supplement, and flightless fruit flies.

For details concerning reproductive behavior and morphology, the associated neuroendocrine effects, and the central and peripheral structures critical to reproductive behaviors, please read the article.

· Males require testosterone to activate and display sexual behavior.

· Females have consistently high levels of plasma progesterone level during the breeding season, but estradiol-17 and plasma testosterone (only fraction of that in males) fluctuates across the ovulatory cycle.

· Numerous central and peripheral structures critical to reproductive behaviors in the green anole have been identified.

Question:

1.  What is the scientific name for the green anole (genus and species)?  What types of study is the green anole a model for?

2.  Name general housing considerations for the green anole in laboratory setting.

3.  T/F
Both male and female green anoles extend their similar sized dewlaps and display headbobbing motion during courtship 

Answer:

1.  Anolis carolinensis, used as a reptilian model for studying reproductive behavior, its supporting neuroendocrine effects, and muscular morphology.

2.  Controlled light and temperature cycle (depending on desired reproductive condition), 70% humidity, provide basking light and UVB light for each aquarium.  Provide substrates for perching, basking, hiding, water dish, and area for egg-laying inside cage.  Avoid group housing adult male anoles.  

3.  FALSE.  Dewlaps of adult males are ~ 7X larger than those of females, used in conjunction with headbobbing displays during courtship.  Females will display headbobbing, but less often extend dewlap.
The male red-sided garter snake (Themnophis sirtalis parietalis): Reproductive pattern and behavior  page 65-74

There are basically two types of reproductive pattern - associated and dissociated reproductive pattern. The associated reproductive pattern is accompanied by release and elevation of circulating sex steroid levels during mating. While in dissociated reproductive pattern the animals  re shown to mate at a time when their gonads are quiescent and levels of circulating steroid hormones are less. In the animal under study ie, Red sided garter snake have the dissociated reproductive pattern and is used as an model for examining the role for neuroendocrine factors associated with reproductive physiology and behavior. Therefore it appears that control and regulation of sexual behavior in species that exhibit a dissociated reproductive pattern is independent of the direct effects of steroid hormones.


Male red sided garter snakes emerge from the winter dormancy and exhibit a breeding activity for 4-6 wk with elevated androgen levels. Initiation of the courtship behavior still appears to be independent of direct hormonal regulation. It is now known that the initiation of the courtship behavior and mating is linked to the environmental factors.


Male red sided garter snakes are found in extreme cold climatic regions and large populations are seen in Central Manitoba, Canada. There animals have a restricted period of activity for three months during which they mate. After a period of hibernation during winter the snakes reappear on the surface during later April or early May. Because of the high cost for thermoregulation the males are more concerned with the courtship when they emerge. The males compete for females and will copulate numerous times during 4-6 wk period , the males are attracted to the females by the detection of non-volatile attractiveness hormone that is present on the dorsum of the female.


"She-male snakes are sub-population of male snakes with female like skin lipids. It is reported that the She-males mate twice often as normal males, indicating the selective advantage of he she-maleness. This behavior also helps in protecting from predators as they hide beneath other males. It is also found that they also have significant hypertrophy in anterior hypothalamus-preoptic area (AHPOA), which is important for the activation and maintanance of the reproductive behviour, especially the POA is important for the thermoregulation.


When the snakes reappear from winter dormancy they have the testes regressed . However, by histology they have enlarged seminiferous tubules and primary spermatocytes comprised of dominant cell type. It is found that the sperms are stored continuously during the winter in the vas deferens in preparation for the spring mating.


Renal sexual segment (RSS) is a accessory sexual segment found in the kidneys of male squamate reptiles, secretions of which helps to sustain, activate sperms and form copulatory plugs and RSS regresses after the mating season.


Melatonin also has role in reproductive behavior like circadian rhythmicity, thermoregulation and photoperiodic reproduction. Pineal gland is also important for normal courtship behavior. It was also found that the aromatase activity in the brain will activate the courtship behavior in non-courting individuals.

Questions and Answers:


1. Name a model that can be used to study the role of neuroendocrine factor associated with reproductive physiology and behavior.

Male red sided garter snake.

2. The reproductive behavioral pattern shown by Male red sided garter snake.

Dissociated reproductive pattern.

3. The most important organ involved in the reproductive pattern in male red sided garter snake.

Anterior hypothalamus-preoptic area (AHPOA

4.What are Renal sexual segments (RSS).

Renal sexual segment (RSS) is a accessory sexual segment found in the kidneys of male squamate reptiles, secretions of which helps to sustain, activate sperms and form copulatory plugs and RSS regresses after the mating season

