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Stokes.  Introduction: Selecting Appropriate Animal Models and Experimental Designs for Endocrine Disrupter Research and Testing Studies, pp. 387-393
The adverse influence of endocrine disrupting compounds (EDCs) on human health has led to the enactment of laws requiring the EPA to develop screening programs to assess whether chemicals have estrogen-like effects or other endocrine effects.  The laws include the Food Quality Protection Act of 1996 amendments to the Federal Food, Drug, and Cosmetic Act and amendments to the Safe Water Drinking Act.  
Since traditional toxicity testing methods have not identified many of the subtle adverse endocrine effects of chemicals, the EPA proposed the Endocrine Disruptor Screening Program (EDSP) in 1998.  The program was developed to detect estrogenic, androgenic, and thyroid hormone effects as well as evaluate the effect of the chemical on amphibians, birds, fish, and invertebrates.  The screening program consists of Tier 1 and Tier 2 tests.  

Included in Tier 1 are 

· fish screening tests

· a 3-day rat uterotrophic assay to detect estrogen agonists and antagonists

· a 10-day rat Hershberger assay to detect androgen agonists and antagonists
· a 21-day pubertal female rat assay to detect estrogenic, antithyroid and steroidogenesis inhibition

· pubertal male rat assay

· in utero-lactational assay (exposure during gestation and lactation)

· in vitro and in silico assays (estrogen receptor binding assay, androgen receptor binding, steroidogenesis assay with minced testis, and placental aromatase assay)

Included in Tier 2 tests are  

· invertebrate life cycle toxicity test using the opossum shrimp (Mysidacea)

· an avian two-generation test using Japanese quail

· multigenerational fish studies 

· evaluation of reproductive function of animals exposed in utero

The selection and husbandry of the test animals have been shown to have a dramatic impact on the outcome of these tests.  There are significant differences among rodent species, strain, and stock responses to EDCs.  In addition, standard laboratory animal diets contain the phytoestrogens diadzein and genistein (both from soybean meal) and coumestrol (alfalfa) which have estrogenic activity and can influence the uterotrophic bioassay and can accelerate the age of vaginal opening.  Phytoestrogens have also been shown to influence food and water intake, adipose deposition, behavior, and serum leptin and insulin levels.  Other endocrine disrupting compounds can be released from plastic caging after treatment with harsh chemical cleaners.  Intrauterine proximity of female and male fetuses can affect anatomy, physiology and behavior and may have outcomes similar to exposure to EDCs.  

Questions

1.  
What estrogenic compounds are in commercial laboratory diets?

2.  
What compound is used as a positive control in estrogen studies?

3.  
Are CD-1 mice an inbred strain or an outbred stock?  What are CD-SD rats?  What are F344 rats?

4.  
Anogenital distance adjusted for body weight is an estimate of what in utero event?

5.  What is the scientific name of the fathead minnow, the Japanese medaka, and the zebrafish?

Answers

1.  
Diadzein, genistein, and coumestrol 

2.  
Diethylstilbestrol
3.  
CD-1:  outbred stock.  CD-SD:  outbred.  F344:  inbred

4.  
The proximity of male and female fetuses to one another

5.  
Fathead minnow:  Pimephales promelas.  Japanese medaka:  Orizyes latipes.  Zebrafish:  Danio rerio.

Colborn.  Commentary: Setting Aside Tradition When Dealing with Endocrine Disruptors, pp. 394-400
Summary: In 1996, the US Congress directed the Environmental Protection Agency (EPA) to produce screens and assays to detect estrogenic and other endocrine-disrupting chemicals (EDC) in food and water.  To date, not one screen or assay has been validated or standardized to meet this mandate.  

The new studies took into consideration 1) the exquisitely low concentrations at which signaling chemicals control how the endocrine system functions, and 2) the negative feedback activity of the endocrine system that shuts down hormonal responses to maintain homeostasis.  These new studies demonstrated that exposure to a biologically active chemical within the range in which free hormones operate can have an entirely different suite of effects that change during progressive stages of development than when the same chemical is administered in high doses after an individual has fully developed.  

In a 1991 study, pregnant rats were exposed to a single low dose of dioxin on day 15 of gestation.  Dioxin had significantly and irreversibly altered the development of the reproductive system, sexual development, and behavior of the in utero-exposed rats.  Changes included the following:  

· decreased anogenital distance, time to testis descent, plasma luteinizing hormone (LH), seminal vesicle weight, ventral prostate weight, testis weight, epididymis weight, sperm cauda epididymis weight, daily sperm production, and seminiferous tubule diameter; 

· increased mount latency, intromission latency, ejaculatory latency, number of mounts, number of intromissions, post-ejaculatory interval, and decreased copulatory rate in females, increased lordosis quotient, lordosis intensity score, and progesterone-induced LH surge. 
In subsequent years, another widely dispersed and economically important chemical, bisphenol A (BPA), came under scrutiny in independent laboratories around the world.  As with dioxin, very low or ambient exposure concentrations of BPA were administered to pregnant mice producing occult but life-altering changes in both male and female offspring.  The intrauterine position study demonstrates that the gestational timing of exposure can significantly reduce the amount of chemical or hormone needed to elicit an estrogenic response, reflecting the sensitivity of the embryo and fetus.  

A simple in vitro assay designed to detect an estrogenic or androgenic chemical will miss chemicals that can induce sex hormone-like effects without binding to the estrogen or androgen receptor.  Both dioxin and BPA could be called “chameleon chemicals” because the result of their activity changes depending on their concentration and/or the specific stage of development of the tissue with which they come into contact.  Although dioxin does not bind to the estrogen receptor and BPA is a weak estrogen in vitro, they both turn on auxiliary systems in cells that significantly enhance cell function in vivo.  

Dioxin, besides turning on orphan receptors, turns on the aryl hydrocarbon (Ah) receptor, which indirectly can lead to increases and/or decreases in a diverse selection of hormones such as LH, testosterone, estrogens, and thyroid hormones.  Ah receptor activation also influences levels of enzymes and growth factors, sometimes directly and sometimes through interactions.  BPA is identified as a selective estrogen receptor modulator because its actions are tissue specific.  Several studies also revealed that prenatal exposure to low doses of BPA resulted in increased body weight in both sexes through puberty and into adulthood.  

Diet can confound the results of research related to the role of estrogens in development, function, and the initiation of cancer.  It has been suggested that only standardized diets with a minimum of estrogens should be used for comparative studies when exploring the estrogenicity of substances.  In 1991, when the first list of endocrine disruptors was published, soy products, laboratory animal and pet food products were included.  

The quantity of ingredients in closed feed products are not labeled, and when several products were tested recently, it was revealed that there were significantly different amounts of the soy phytoestrogens daidzein and genistein between batches and even between bags from the same batch.  The values were high enough in some of the tested closed diet samples to induce uterine weight gain in young adult females and accelerate vaginal opening (VO) comparable to 4 ppb of diethylstilbestrol (DES) added to a low phytoestrogen feed product.  There were no uterotrophic and VO responses to DES in offspring of animals that had been exposed previously to the high phytoestrogen diet.  

Corn-derived ingredients in animal feed can also confound study results.  Test diets that included dextrose, corn starch, and corn oil were found to increase uterine weight in mice compared with mice on a negative control diet.

Another factor, the amount of metabolizable energy (ME) in the food, also complicates diet selection in studies looking at estrogenic effects.  If one uses uterine weight gain as an endpoint, ME content contributes comparably to the actual weight gain as that of phytoestrogens.  For the more sensitive estrogen endpoints such as VO, ME is less effective for advancing VO than it is for increasing uterine weight.  Thus, diets should be standardized for both ME and phytoestrogen content to minimize potentially implicating effects and to maximize the possibility for replication.  

Over the years the production of animals for laboratory use has resulted in marked differences among species and strains in sensitivity for estrogens.  The CD-1 mouse has been bred for litter size, the Charles River CD Sprague-Dawley (CD-SD) rat for larger litters, and the Wistar rat for both large litters and smaller animals.  After 65 generations of inbreeding, the CD-SD rat produces very large litters but is markedly less responsive to estrogenic compounds (e.g., uterotrophic response) than many other animal models.  The CD-SD male rat required a dose of 200ug/kg/day of ethinyl estradiol from 7 wk of age for 28 days to show a significant change in the male reproductive system, and 50ug/, g/day for a uterine response.  In contrast, the CF-1 offspring mouse showed significant adult male responses to ethinyl estradiol at 0.002 ug/kg from day 1 of gestation through day 17.  The clinically effective dose of ethinyl estradiol in birth control pills is about 0.5 mg/kg/day, confirming that the CD-SD rat is not an appropriate model for testing estrogenic chemicals and predicting response in humans.  Several studies have discovered that the SD rat in particular is insensitive to BPA.  Other studies discovered that B6C3F1 hybrid mouse is more sensitive to uterotrophic stimulation than the CD-1 mouse, similar to the greater sensitivity of the F344 rat compared with the SD rat.  

In 1997 and 1998 3 publications reported that the male pups of pregnant CF-1 mice exposed to low, environmental relevant concentrations of BPA were born with permanently enlarged prostates.  Because billions of pounds of BPA are produced each year and used widely in everyday products, and it is estimated that one in 7 men will develop prostate cancer, these papers initiated a series of “replication” studies that were unable to replicate the prostate effect.  

Endocrine disturbances, although often not obvious on gross observation, are not rare events that require a large number of animals to detect.  By incorporation endocrinological consideration into protocol design, far fewer animals will be needed for future screening as well as for validation and standardization without loss of statistical power.  It is possible to increase the number of endpoints in a study or a screen, to save time and animals, and to avoid conducting single-endpoint assays one at a time to achieve the same knowledge.  By utilizing all of the tissue from exposed animals (e.g., not simply the gonads and/or thyroid) and looking at changes in the pituitary, hypothalamus, hippocampus, adrenals, and pancreas, the assays will provide a more complete picture of the activity of a chemical.  From animal welfare perspective, the more endpoints in an assay, the better the assay.  

On December 11, 2003, the EPA National Health and Environmental Effects Research Laboratory Office of Research and Development released preliminary results of a demonstration study using pubertal animals exposed to a series of known endocrine disruptors.  Future research with whole animals should complement efforts to develop rapid, inexpensive in vitro screens, some of which eventually will replace whole animal testing.  Ultimately, this trend will significantly reduce the number of animals required for testing.

Questions:

1. Which agency was directed by US Congress to produce screens and assays to detect estrogenic and other endocrine-disrupting chemicals in food and water in 1996? 

a. USDA 

b. FDA 

c. CDC 

d. EPA 

2. Which rat strain (stock) is less responsive to estrogenic compounds than other animals and thus is not an appropriate model for testing estrogenic chemicals? 

a. Long Evans 

b. F344 

c. CD-SD 

d. Wistar 

3. Low-dose exposure to dioxin has a significant effect on the development of the reproductive system, sexual development, and behavior of the in utero-exposed rats. (True or False). 

4. From animal welfare perspective, there should be only a single-endpoint in an assay (True or False). 

Answers:

1. d 

2. c 

3. True 

4. False 

Thigpen et al.  Selecting the Appropriate Rodent Diet for Endocrine Disruptor Research and Testing Studies, pp. 401-416
This article provides details about estrogenic compounds found in “standard rodent diets”, discusses variation in estrogenic levels of activity between batches of the same diet, and shows how this becomes important in evaluation of substances believed to act as endocrine disruptors as well as carcinogenesis.  

Two standard tests used to evaluate estrogenic effects are uterine weight and the time of vaginal opening in immature female mice or rats.  Metabolizable energy and phytoestrogen content are the primary feed characteristics which affect these tests.  Ideally, animal diets used in estrogen disruptor (ED) research should have a standardized metabolizable energy content and be free of phytoestrogens or other endocrine-modulating compounds.

The primary phytoestrogens in rodent feed are daidzein and genistein (D&G).

Reviewing animal feed definitions:

· Natural- ingredient feeds are formulated with agricultural products.

· Defined diets are formulated with a refined, restricted set of ingredients such as casein and soy protein isolate, sugar, starch, and vegetable oil.

· Open formula diets are those for which information is provided about the ingredients and their concentrations.

· Closed formula diets state the ingredients, but concentrations are proprietary.

Major sources of exogenous estrogenic substances in diets include phytoestrogens, estrogenic mycotoxins, and estrogenic pesticide residues.  Phytoestrogens are much more potent than DDT.  Phytoestrogens are chemically similar to estradiol and show affinity for rat or mouse Estrogen Receptor (ER) alpha and beta. Equol is and isoflavone metabolite formed in the intestinal tract with significant affinity for ER beta and is a potent antiandrogen; primary source is soy.

 

Phytoestrogens can act as agonists or antagonists influencing basic cell biology including P-450, growth factors, and gene regulation.

 

Based on recent research in rats one proposal is that diets used in studies utilizing the uterotrophic assay contain <325-350 micrograms/gram total genistein equivalent.  This level is much too high based on the potency of these compounds when studied in mice and some rat strains.  A level <20 is suggested by the authors.

 

See Figures 1, 2, and 4 on p. 403-404 for quick summary of Sources of Exogenous Estrogens, Factors that Relative Potency of Phytoestrogens Depends On, and Effects of Dietary Phytoestrogens.  (Cute mice surrounded by summary information)

 

Figure 1: Sources of Exogenous Estrogens

From Diet: 
· Phytoestrogens - Daidzein, Genistein, Formononetin, Biochanin A, and Coumestrol.

· Mycotoxins - Zearalenone, Zearalenol (alpha and beta)

· Pesticides - DDT, Kepone, Methoxychlor, PCB’s

 

From Supplies: 
· Bedding - DDT, Kepone, Methoxychlor, PCB’s

· Water - DDT, Kepone, Methoxychlor, PCB’s

· Water bottles or Cages - Bis-phenol A

 

These all alter results from: Comparative estrogenic growth/reproductive and toxicity studies, Carcinogenicity studies, and Endocrine disruptor studies.

 

Figure 2: Relative Potency of Phytoestrogens Depends On:

· Time and duration of exposure

· Specific Estrogen and Dose

· Route of Exposure

· Response monitored

· Animal factors. 

Figure 4: Effects of Dietary Phytoestrogens: Agonist-Antagonist effects occur back and forth

Agonist side:

· Reproductive system - sexual development, uterus, ovaries, prostate

· Skeletal system - increases bone density

Antagonist side: 
· Central nervous system - brain, learning, memory, anxiety

· Cardiovascular system - heart, decrease serum cholesterol, decrease risk of cardiovascular disease

 

Alter results from: Comparative estrogenic, growth/reproductive, toxicity studies; Carcinogenicity studies, Endocrine disruptor studies

 

Table 1 shows relative potency of dietary estrogens versus DES.  Order is: DES (most potent), Estrone, Zearalenone, Coumestrol, Genistein, Daidzein, Biochanin A, Formononetin, Bisphenol A, and DDT.

 

Tables 2 & 3:
Table 2 - Summary of vaginal opening data from immature CD-a mice weaned at 15 days of age and fed various rodent diets from postnatal day 15 through postnatal day 30.  This full page table shows the variability in results and stresses the overall point of the article.

Table 3 - Compares plasma and urine phytoestrogen concentrations by low, medium, or high phytoestrogen diet. 

 

Figure 3 shows the chemical structures of the exogenous estrogens.

 

Figure 5 shows batch to batch variation in PMI #5002 diet at different mill dates.  The D&G level varied from 159 - 431 micrograms/g and DES varied from 0 - 6 ppb. Four mill dates of #5002 and one of a Low phytoestrogen diet are charted. The low diet contained 7 and 0.

 

Figure 6 diagrams Beneficial and Harmful effects of Dietary phytoestrogens for Laboratory animals and Humans.

 

There is discussion that different batches of the same dietary products have quite variable phytoestrogen content.  For example, PMI #5002 diet showed a 3-6 fold variation between batches.  This diet has been considered a negative control, but the authors feel it would more properly be a positive control.

 

Uterotrophic assays.  Estrogens and increased Metabolic energy (ME) can increase the uterine: body weight ratio in young CD-1 mice.  Dietary D & G can cause a near-maximal uterotrophic response.  Bisphenol (BPA), a weak estrogen, can leach from polycarbonate used in caging and water bottles.  This is not found in glass bottles or polypropylene cages.  However, studies comparing cage/bottle composition and estrogenic effects used diets that contain enough phytoestrogens to compromise the studies.  Use of phytoestrogen reduced or phytoestrogen free diets for uterotrophic assays is highly encouraged.

 

Dietary ingredients highest in phytoestrogens are soy and alfalfa.  To make a phytoestrogen free (or greatly reduced) diet, these two ingredients should be eliminated.  The major vendors of rodent feed are now offering phytoestrogen-free diets, but their use has not been adopted in government programs aimed at testing for EDC’s.  

 

Several research examples of the influence of phytoestrogens on studies are given.  A high total ME can also influence uterine weight.  This is a second variable to consider in selecting a diet for EDC studies.    The rate of vaginal opening (VO) is similarly influenced by phytoestrogens and ME with phytoestrogens being more highly predictive of VO.

 

The plasma and urine level of phytoestrogen in rats and mice is directly correlated with the isoflavone content of the diet.  

 

Protein content of diet does not provide a guide to phytoestrogen content.  One study showed that protein content of several soy foods varied only 3% while phytoestrogen content varied up to 300%.

 

Phytoestrogens can have significant effects on gene regulation and tumor endpoints in addition to uterine weight and vaginal opening.  

 

Assays to detect Estrogens include Chemical, In vivo, and In vitro methods.  The current method of choice for quantification of phytoestrogens in rodent diets is HPLCC with mass spectrometry.  This is less expensive than using animals, but does not test for metabolites.  A newer test known as the Lumi-Cell ER bioassay can detect multiple estrogenic compounds in rodent diets but still does not account for conversion by the body of non-estrogenic compounds to estrogenic ones.  See Table 4 for comparison of assays.

 

Recommendations: Standards being developed by the Organization for Economic Cooperative Development (OECD), and the Environmental Protection Agency (EPA) at the time of this article were planning to recommend PMI #5002 diet.  The authors found great variability in batches of this diet and do not recommend it for studies using mice.  It did seem to be adequate for studies using SD rats provided the phytoestrogen level was < 325-350 micrograms/g of TGE).  For mice, a level < 20 ppm (near the detection limit of most analyses) would be preferred.

 

Other studies looked at effects of NIH 07 diet and a soy/alfalfa free diet on sexual development in the Sprague Dawley rat, using anogenital distance (AGD) as the reported factor.  Female pups whose dams ate NIH 07 had a 12% larger AGD than female pups from dams eating the soy/alfalfa free diet.  Studies measuring uterine weight and uterine luminol epithelial labeling showed higher uterine weight and higher binding of luminol in animals fed NIH 07 vs. low phytoestrogen feed.

 

Studies in immature CD-1 mice show that both phytoestrogens and total ME significantly alter results of VO endpoints and uterotrophic assays.  However, comparisons with rat studies should be made cautiously.  Species differences may be important in the threshold levels of phytoestrogen in feed that lead to effects in the various assays (and in sensitivity to ED test substances as well).  The strain used may also be important.  Thigpen et al showed that in F344 rats dietary D&G did advance the time of VO (at levels that did not do so in SD rats).   Results of these studies showed that diets containing <325-350 micrograms/g TGE have the potential to alter the results of VO endpoints and uterotrophic assays evaluating the estrogenic activity of EDCs.  

 

Again, the authors stress that for good assessment of estrogenicity of test substances or products, it is critical to eliminate confounding variables as much as possible.  Dietary phytoestrogen content and ME are the two major factors.  Other factors to control include pellet hardness, diet palatability, and food consumption because these factors can alter ME intake and thus also alter uterine weight and time of VO.

 

Study Factors to Consider in Dietary Choice
A list of questions is given and includes: study objectives?  Animal species, age, sex, etc.?  Does study involve estrogen sensitive processes?  What are the endpoints?  Are the endpoints influenced by exogenous estrogens?  

 

Dietary Factors to Consider for a Study
Will dietary estrogens or total ME alter endpoints?  Will physical food characteristics alter ME and thus the endpoints?  Does diet remove or add variables?  What diet did the animals or their dams consume before the study?  Will environmental estrogens alter the endpoints?  Quality control, what estrogens should be tested for and with what assays to evaluate the diet?

 

Conclusions

Five conclusions are drawn from this review:

1.  
Rodent diets differ significantly in estrogenic activity, related primarily to soy content.

2.  
Variability can be 3-6 x between batches of the same diet.

3.  
Diets high in phytoestrogens have the same effects in mice as adding DES, and feed may thus mask the ability to detect weak but significantly estrogenic substances.

4.  
Dietary estrogens do affect the timing of sexual development in rodents.

5.  
Dietary estrogens, particularly D&G, and ME accelerate sexual development in CD-1 mice, thus altering the results of ED studies.

 

For CD-1 mice, a phytoestrogen free diet would be defined as <20 micrograms/g.



 

Questions:

1.  
Which of the following is NOT a phytoestrogen? 


Daidzein, Genistein, Coumestrol, DES, Biochanin A, Formononetin


Which of the above has the most potent estrogenic effect? ___________________

2.  
T or F   Scientists should be encouraged to include dietary information in their publications.

3. 
Which of the following levels of phytoestrogens in diet is recommended for endrocrine disruptor studies by OECD?  (Measured as micrograms/g TGE)

A. 
 0-20

B.  
325- 350

C. 
500


Which is recommended by the authors?  (Use choices above)

4.  
The primary source(s) of phytoestrogens in feed are ________________.

5. 
T or F    Using a defined diet with open formula will guarantee a low phytoestrogen content. Why or why not?

 
Answers:

1.  
DES

2.  
T

3.  
B, A

4.  
Soy and alfalfa

5.  
F, soy is a common protein source in defined diets.

Everitt and Foster.  Laboratory Animal Science Issues in the Design and Conduct of Studies with Endocrine-active Compounds, pp. 417-424

Summary:  This article provides an overview of the laboratory animal care and use issues that should be considered when designing studies with endocrine active compounds (EACs) in rodent models.  One of the biggest problems in studies involving EACs is the lack of reproducibility and inter-laboratory inconsistencies.  In addition to the inherent complexities of the endocrine system, studies involving EACs often do not have clear experimental endpoints which can make it difficult to assess whether EAC exposure has adverse effects.  In direct contrast to other areas of toxicology where there may be specific indices, endocrine studies often measure reproductive, developmental or behavioral changes which can be subtle by comparison.  The authors point out that minimizing study variability requires an understanding of the interaction between the animal test system, the experimental objectives and methods and the animal facility environment.

The authors go on to discuss some of the areas in which laboratory animal science can impact studies involving EACs – these will be discussed below.  In addition to the text of the article, there is a table (p. 422) that also provides a summary of these topics.

 

Choice of the Rodent Model

· Genetic drift can play an important factor and must be taken into consideration.  This can be especially problematic when obtaining animals from small breeding colonies.  The authors recommend that small substrains with limited availability should not be utilized for this reason.

· The vendor source should be investigated thoroughly with respect to breeding methods, genetic quality control, husbandry, microbial/health status and transport methods

· Animals should be given the opportunity to acclimate to their new environment prior to the start of the study

· Animals should be distributed into study groups to minimize bias – e.g. randomization with respect to age/weight

· When possible, animals should be distributed across groups so that littermates do not end up in one group.  The authors acknowledge that this can be difficult to do when obtaining genetically modified rodents from small breeding colonies.

 

Laboratory Animal Facility Environment

Many environmental factors can impact the outcome of studies and careful consideration must be given to both the macro-and micro-environments when planning a study.
· Lighting factors to be considered include wavelength, intensity, photoperiodicity, duration of exposure.

· Microenvironment concerns include type of cage (metal/suspended caging vs. shoe-box caging and ventilated vs. static caging);  type of bedding and frequency of cage changing

· Trends in this area include increasing of cage size, social housing and the addition of enrichment to provide complexity

· The authors conclude that more studies are needed to determine the impact these factors have on studies.

 

Effects of Housing Systems on Research Data with Rodent Models

· There are numerous studies which show that individual vs. group housing can impact hormonal and endocrine responses.

· There is conflicting information on whether individual vs. group housing impacts the stress-like response seen in rodents

· The trend is toward group/social housing for welfare reasons but there is little consensus on what is optimal housing.

· optimal housing may vary depending on the age, sex and strain of the rodents as well as the experimental objectives

· One recent study suggests that interaction between group-housed rats is more important to stress reduction than providing increased floor space/rat

· The introduction of genetically engineered models has had a significant impact on studies as these animals are obtained from a wide variety of sources and are of varying microbial and genetic backgrounds.  This variation in health status has resulted in the use of individual “barrier” systems such as static filter-top microisolator caging and ventilated microisolator caging.

· The ventilation in static vs. ventilated caging systems can vary significantly.  The nasal epithelium in both mice and rats (which are obligate nose breathers) has a high level of metabolic activity and the effects of poorly ventilated caging could impact toxicology and pharmacology experiments.

· Olfactory cues can have significant influence on the laboratory animal environment and chemosignals can affect endocrine experiments.  One example of this is the Whitten effect whereby estrus is induced in female mice exposed to male mouse urine.

· Because the impact of olfactory cues is not fully understood, experiments with EACs should not be carried out in rooms where animals are breeding

· In long term experiments, consideration should be given to the rotation of cages and racks throughout the study to minimize bias with respect to conditions such as light and ventilation.  It is also noted that in dosed-feed studies control animals may require housing in a separate room to avoid airborne spread of the compounds on particulate matter.  An alternative to housing controls in a separate room is the use of containment procedures such as microisolator caging.

 

Potential for Recent Changes in Rodent Housing to Affect Experiments with EACs

· The authors discuss the trend toward housing animals on solid-bottom cages with direct contact bedding and how this differs from the historical methods of housing animals in suspended cage systems.

· The ability of environmental enrichment to impact research is significant and studies have shown that synaptic connections in the brain develop differently depending on the environment of the animal.  Changing the environment of the animal can also lead to behavioral and developmental changes.  These changes may vary between species, strains and stocks.

 

Potential Effects of Plastic Cages in Experiments with EACs

There has been a significant amount of concern regarding low dose effects of EACs such as bisphenol-A (BPA).  BPA has been shown to leach out of polycarbonate and polysulfone caging during autoclaving and its estrogenic activity has been documented in in vitro studies.  While there is little evidence to suggest that proper care and handling of polycarbonate caging can result in endocrine related effects, researchers in the endocrine field should be aware of the potential for concern with the use of this type of caging.  In light of the study findings, laboratory animal facilities should be aware of proper cage cleaning and autoclaving procedures and should have a policy in place for replacing damaged caging.

The authors conclude that the variability of endocrine studies may be minimized by optimizing husbandry and experimental conditions.  This requires a close partnership between investigators and laboratory animal staff when planning and carrying out experiments.

 

Questions:

1.  
Name 3 areas of concern when obtaining mice from a vendor.

2.  
Name 5 environmental influences that can affect data

3.  
List 3 areas of concern with respect to diet

4.  
What is the Whitten effect?

5.  
True or False – mouse and rats are obligate nose breathers.

6.  
True or False, both polycarbonate and polysulfone caging can leach bisphenol-A (BPA) 

Answers:

1.  
Health status, genetic status, husbandry methods, transportation methods

2.  Lighting, Temperature, Humidity, Noise, Vibration, Diet, Bedding, Handling, Housing methods, ventilation

3.  
Type of diet (open vs. closed formula) and form (powder, liquid, pelleted), method of feeding (ad lib vs. restricted), phytoestrogen content, contaminant analysis, methods of monitoring diet intake

4.  
The Whitten effect describes the induction of estrus in female mice exposed to male mouse urine

5.  
True

6.  
True

Gray et al.  Use of the laboratory rat as a model in endocrine disruptor screening and testing, pp. 425-437
Summary: The US Environmental Protection Agency (EPA), acting under a mandate by the Food Quality Protection and Safe Drinking Water Acts, is developing a screening and testing program to detect endocrine-disrupting chemicals (EDC¹s).  EDC¹s can alter the following activities:  hypothalamic-pituitary-gonadal (HPG) function; estrogen, androgen, and thyroid hormone synthesis; and androgen and estrogen receptor-mediated effects in mammals and other animals. Among the chemicals of concern are pesticides and industrial chemicals, pharmaceuticals, phytochemicals, ³inert² ingredients, food supplements, personal care products, and ³natural² products (nutraceuticals).

The EPA has formed the Endocrine Disruptor Screening and Testing Advisory Committee (EDSTAC) that has proposed a tiered screening and testing strategy for EDCs.  Tier 1 involves the initial screening of compounds while Tier 2 is comprised of more detailed testing batteries.  Tier 1 should be highly sensitive for EDCs. Chemicals positive in Tier 1 would be considered as potential EDCs and subjected to testing in Tier 2. Equivocal effects in Tier 1 could be replicated or evaluated further prior to possible Tier 2 testing.  Tier 2 testing examines ³dose-response, relevance of the route of exposure, sensitive life stages and adversity.²

Both in vitro and in vivo tests are included in the screening battery.  In vitro alone cannot account for absorption, distribution, metabolism, and excretion.  In addition, they may yield false-negative or false-positive results. False-negatives may result due to the inability of in vitro assays to metabolically activate EDCs. False-positives may result due to artificially high concentrations of the substance (i.e. substance at much higher concentration than would occur in vivo).  In addition, in vitro assays cannot predict the effects of a substance on the complex system of a living organism ​ the relationships between endocrine toxicity and other systemic effects cannot be simulated in vitro.  The laboratory rat is the species of choice for screening and testing.

Rat and Human Reproductive Function:  Similarities and Differences

At the cellular and molecular levels, reproductive endocrine function is highly conserved among mammalian species.  Androgen receptors and estrogen receptors have a high degree of sequence homology among mammals. Therefore, chemicals that act as an antiestrogen or antiandrogen in a rat should produce similar results in humans.  The steroidogenic pathways involved in synthesis of gonadal and adrenal hormones are also highly conserved, although preferred pathways vary between species.  The anatomy and physiology of the endocrine system is highly conserved among vertebrates however, differences are present between species.

In Vivo Mammalian Assays (Tier I assays)

The text has nice flow diagrams illustrating the timing of steps comprising each of these tests.

1)  
Uterotropic Assays

· Detects estrogens and antiestrogens

· Utilize either intact female juvenile rats of ovarectomized adult or juvenile female rats

· Animals are either subcutaneously or orally dosed for 3 days

· Animals are then necropsied and the following weights recorded: body, uterus with fluid, uterus without fluid, +/- liver, kidney, adrenals.
· Serum thyroid hormones can be measured.

2)  Hershberger Assay

· Detects androgens and antiandrogens

· Utilizes castrated immature male rats

· Animals are orally dosed with the test compound for 10 days 

· The animals are then necropsied and the following weights taken:  body, ventral prostate, seminal vesicle, bulbocavernosus, Cowper¹s glands, glans penis, liver, kidneys, and adrenals.  
· Serum hormones (testosterone and luteinizing hormone) can be measured.

3)  
Pubertal Female Rat Assay

· Detects alterations in thyroid hormone status, HPG function, inhibition of steroidiogenesis, estrogens, and anti-estrogens

· Weanling female rats are dosed daily by gavage for 21 days while the age at vaginal opening (puberty) is monitored

· Animal is necropsied at 42d of age

· Measurements include serum thyroid hormones, uterine and ovarian weight, and histology

Alternate Screening Assays (validity currently being evaluated by EPA)

1)  
Pubertal Male Rat Assay

· Detects alterations of thyroid function, HPG maturation, steroidogenesis, and altered steroid hormone function (androgen)

· Intact weanling males are exposed to the test substance for approximately 30 days

· The age at puberty is then determined by measuring the age at preputial separation, and reproductive tissues are evaluated and serum taken for optional hormonal analyses

2)  
In Utero-Lactational Assay

· Detects androgens and antiandrogens as well as antithyroid activity

· The test substance is administered to the dam for approximately 80 days

· The sensitivity and specificity of the assay is being questioned.  However, when compared to the multigenerational test, this test is shorter, requires fewer rats, has increased statistical power, and uses more endocrine sensitive endpoints.

· If approved for use, this test may be used as a tier 2 test

Multigenerational Testing: Phase 2

In tiered screening, only chemicals that display positive reproducible responses in Tier 1 or Tier 1.5 will be examined with Tier 2 testing.  Tier 2 testing examines issues of dose-response, relevance of the route of exposure, sensitive life stages, and the degree of adverse response(s).

The abnormal presence of antiandrogens in utero primarily affect male offspring.  The abnormal presence of androgens in utero induce more severe abnormalities in female offspring.

Multigenerational protocols are used in Tier 2 tests because they expose the animals during all critical stages of development and examine reproductive function of offspring after they mature.  When performing these tests, it is critical to evaluate all of the components of a syndrome so that affected animals are not misidentified and classified as normal.

Statistical Limitations of Current Tests 

The response to toxicants in utero can vary greatly even within a litter with only a few animals displaying severe reproductive malformations in the lower dosage group. Statistically speaking, too few offspring with developmental exposure are examined after maturity to detect anything but the most profound reproductive teratogens.   The authors try to compensate for this by using fewer litters per test substance, but examining all the animals in each litter (other tests only examine a subset of each litter).  This provides increased statistical power.

Test Design and Number of F1 Animals

Tier 2 testing should be tailored based on the pharmacological activity demonstrated in Tier 1 testing.  Testing protocols and variables should be adjusted to each test substance (i.e. testing should not be a One size fits all¹).

The EPA is now also considering several lower vertebrate animal models for use in testing EDCs.

QUESTIONS:

1. 
How do the objectives of tier 1 and tier 2 tests differ?

2. 
Match the test with the type of substances the test is designed to detect. 

a. 
Uterotropic assay

b. 
Hershberger assay

c. 
Pubertal female rat assay

d. 
Androgens and antiandrogens

e. Alterations in thyroid hormone status, HPG function, inhibition of steroidiogenesis, estrogens, and anti-estrogens

f. 
Estrogens and antiestrogens

3. 
How is the data obtained from multigenerational testing protocols unique?

ANSWERS:

1. 
Tier 1 involves the initial screening of compounds while Tier 2 is comprised of more detailed testing batteries.  Tier 1 should be highly sensitive for EDCs.  Chemicals positive in Tier 1 would be considered as potential EDCs and subjected to testing in Tier 2.  Tier 2 testing examines dose-response, relevance of the route of exposure, sensitive life stages and adversity.² 

2. 
a-f; b-d; and c-e

3. 
Multigenerational protocols expose the animals during all critical Stages of development and examine reproductive function of offspring after they mature. 

Vandenbergh.  Animal models and studies of in utero endocrine disruptor effects, pp. 438-442

SUMMARY: The author described that it is essential that animal models be used to identify potentially harmful chemicals and to determine their modes of action.

In mammals, the presence of an XX or XY chromosomal complement only beginning of a long chain of events that results in an individual*s sex identification.  Barenbaum with co workers (1998, 2000) has explored the behavioral consequences of CAH (congenital adrenal hyperplasia).  In test of more than 100 such cases, they found masculinization of toy selection and other sexually dimorphic traits among toddler girls born with CAH.

In the most common models, the mouse and rat, the uterus is bicornate and the fetuses are lined up like *peas in a pod* in the two halves of the uterus, it is possible for a female to be adjacent to one, two or no males.  Male mice produce a relatively large amount of testosterone starting on approximately day 12 of fetal development, and a fraction of this testosterone can passively transfer to adjacent sibling females and causes partial masculinization.  The consequence of such intrauterine position (IUP) has been shown to affect a number of sexually dimorphic anatomical, physiological, and behavioral traits.  It is possible to assess the IUP in mice by determining the anogenital distance in day-old or weanling pups.  Bisphenol A, a compound of many resins and plastics, was delivered orally to pregnant mice during gestation.  Pups were delivered by caesarian section to determine IUP.  The female pus were check daily for vaginal opening after weaning, and once the vagina had opened, vaginal smears were taken daily to determine first estrus.  For female offspring whose mothers were fed bisphenol-A, those not flanked by male siblings in utero (0M), females attained first estrus earlier than females with two adjacent male siblings (2M).  Females from the 1M position were intermediate.  This development difference indicated an interaction between IUP and bisphenol-A, an estrogen mimic.  There was no effect on age at vaginal opening, which is a good index of puberty in the rat but is not a good measure of puberty onset in the mouse.  Hotchkiss and colleagues (2003) showed that exposing rat fetuses to the antiandrogenic endocrine disruptors vinclozolin or flutamide during gestation reduces play behavior in male rats when they are tested immediately before puberty onset.  The frequency of play behavior in exposed males was similar to that seen in females and significantly lowers than of control males.  This observation indicates that the organization of the brain resulting in masculine play patterns is altered by antiandrogens.  Maternal stress is an important factor that can alter the fetal development and could interact with exposure to endocrine disruptors.  Exposing pregnant mice to intense light and heat increase circulating corticosterone concentrations.  Female rat pups born to similarly stressed dams have delayed vaginal opening and lengthened estrus cycles.  Thus, endocrine-disrupting compounds (EDCs) may interact with stressful stimuli.  Several epidemiological studies with humans also reveal the impact of prenatal stress experienced by the mother; infants born to stressed mothers have an increased incidence of numerous diseases that emerge decades later.  Among these diseases are hypertension, diabetes and obesity.  The *stresses* examined include low body mass for gestation age, trauma, and probable exposure to xenobiotics such as endocrine disruptors.  Research on long-term effects of prenatal endocrine disruption is difficult to conduct on humans because of the long intervals between cause and effect and because of the difficulty in following individuals over most of a life span.  Identifying and understanding such long-term effects depend on animal models. 

Dose is always an important and often a contentious issue in toxicological and other studies of the effect of drugs and chemicals, and recently the accepted linear correlation between dose concentration and response has been questioned.  An early example of a low-dose effect was that of prostate enlargement in the male mouse following a low dose of DES (0.02 *g/kg/day) delivered to their mothers.  Feeding in low dose of the estrogenic chemical bisphenol A during fetal life (gestation days 14-18) to pregnant mice resulted in female offspring’s* impaired maternal behavior.  There was-well documented relation between prenatal DES exposure and a specific vaginal cancer.  The increase incidence of breast cancer and prostate cancer and the decrease in the men*s sperm counts may relate to increasing levels of xenobiotic compounds in the environment, especially EDCs.   Probable effects on wild life include hemaphroditism in fishes, demasculinization of reptiles, and feminization of behavior in birds.

Questions:

1)
Studies using animal models are necessary to identify EDCs further and to reveal the potential health effects of these compounds on humans.  During the course of such work, investigator should consider the possible interactions between:

a) 
The intrauterine position

b) 
Stress

c) 
The effect of the test compound

d) 
The effects of the exposure to multiple chemicals during critical periods of development.  

e) 
All of the above 

2)
Toddlers girls born with congenital adrenal hyperplasia (CAH) have tendency of masculinization of toy selection and other sexually dimorphic traits.  True or False

3)
Intrauterine position (IUP) in mice and rats has been shown to affect a number of           sexually dimorphic anatomical, physiological, and behavioral traits.  True or False

4)
Female offspring whose mothers were fed bisphenol-A, those not flanked by male siblings in utero (0M), females attained first ** earlier than females with two adjacent male siblings (2M).  Females from the 1M position were intermediate.  

5)
Exposing pregnant mice to intense light and heat increase circulating concentrations of? 

a) 
Corticosterone

b) 
Androgen

c) 
Estrogen

d) 
Testosterone

e) 
Growth Hormone

6) 
Infants born to stressed mothers have an increased incidence of numerous diseases that emerge decades later.  Among these diseases are      .,       .., and      .
7) 
There was- well documented relation between prenatal DES exposure and a specific vaginal cancer.  True or False

8) 
The increase incidence of breast cancer and prostate cancer and the decrease in the men*s sperm counts may relate to increasing levels of xenobiotic compounds in the environment, especially  .**..

9) 
An early example of a low-dose effect was that of prostate enlargement in the male mouse following a low dose of DES (0.02 *g/kg/day) delivered to their mothers.  True or False

10)
Feeding in low dose of the estrogenic chemical bisphenol A during fetal life (gestation days 14-18) to pregnant mice will not resulted in female offspring’s* impaired maternal behavior.  True or False

11)
Female rat pups born to stressed dams have delayed vaginal opening and lengthened **. cycle.

Answers:

1) 
e * All of the above

2)
True

3)
True

4)
Estrus

5)
a * Corticosterone

6)
Hypertension, diabetes and obesity

7)
True

8)
Endocrine-disrupting compounds (EDCs)

9)
True

10)
False

11)
Estrus

Lephart et al.  Behavioral Effects of Endocrine-disrupting Substances: Phytoestrogens, pp. 443-454

Rodent diets have large amounts of endocrine-disrupting substances.  Soy-derived isoflavones are the most abundant phytoestrogens.  In most animal diets, the isoflavones are biologically inactive, but become active in the gut.  One form, diadzein, can be further metabolized to a potent and abundant molecule, equol.  Equol represents 70 to 90% of all circulating isoflavones.

Animals consuming increased levels of phytoestrogens in feed had a higher water and food intake, and a lower body weight and adipose tissue weights than animals fed a normal or phytoestrogen-free diet.  These animals on a high-phytoestrogen diet also had an increase in locomotor activity and an increase in thyroid hormone levels.  Phytoestrogens can also influence learning and memory. There are documented sex differences in memory and learning where males outperform females.  Females on a phytoestrogen-rich diet and males on a phytoestrogen-free diet have an improvement in learning and memory compared to same-sex counterparts on other diets.  These changes can occur after only 50 days after diet change, demonstrating the plasticity of the adult brain, specifically the hippocampus.  Anxiety-related behaviors are also influenced by phytoestrogens in the diet.  For both males and females, diets high in phytoestrogens reduced anxiety-related behaviors, although more dramatically for males than females.
These data indicate that research results, especially behavioral research, may be influenced by the type of diet that the animals consume.  The authors conclude by stating : “Because all commercially available rodent diets use soy as the main source of protein in their formulations, it is critical to learn the exact effect of dietary isoflavones on the brain and the _expression of behavior.”

 

Questions
1. What is the largest source of phytoestrogens in the diet for both lab rodents? 

2. The adult brain cannot change in response to dietary components. T or F 

3. Male and female rats have a similar memory and learning performance. T or F  

Answers
1. 
Soy or soy-meal

2. 
False

3. 
False

Walker and Korach.  Estrogen Receptor Knockout Mice as a Model for Endocrine research, pp. 455-461
There are two known estrogen receptor’s (ER), ER alpha or ER-α, and ER beta or ER-β They both produce a protein product from a separate gene located on different chromosomes. They are class 1 members of the nuclear hormone receptor family. The estrogen receptors are made up of 6 domains. The C domain contains the DNA binding domain( DBD).This domain (DBD) has 97% homology between ER-α and ER-β. Because they are so similar it is likely that this domain will bind the same  estrogen response elements (ERE’s). The E domain is called the ligand binding domain( LBD) and there is only 60 % homology between ER-α and E-β.

The ER can activate transcription in at least two ways, the classical ligand–dependent mechanism where estrogen is the ligand or in a ligand-independent mechanism where estrogen is not needed. Substances that can modulate the ligand–independent mechanism include growth factors, and protein kinase A and Protein kinase C.

The tissue distribution of the two estrogen receptors both overlaps and differs ER-α mRNA is expressed in the uterus, mammary gland, testis, pituitary, liver, kidney, heart and skeletal muscles. ER-β m RNA is expressed in the ovary and prostate.  The epididymis, thyroid, adrenals, gonad and sections of the brain show equal levels of both ER-α and E-β mRNA.

 

Generation of Knock-Out Mice
Mice were generated that lack ER-α and were designated αERKO. Mice were generated that lacked ER-β and were designated βERKO. Mice lacking both ER-( and ER-β were generated and designated as ((ERKO.  In all three knock-out mice the mice develop normally and have a life-span comparable to their  wild-type littermates.  The adult mice of the ERKO model did exhibit abnormal phenotypes.

(ERKO mice are infertile in both sexes. The (ERKO mouse has a hypoplastic uterus, which is insensitive to estradiol, ovaries that do not ovulate and produce chronic elevated LH. The (ERKO mouse has immature mammary gland, testes with fluid retention and dilation of seminiferous tubules. Male (ERKO mice have decreased aggression and disrupted mating behavior. Both sexes are shorter than the wild–type(bone length) and females have decreased bone diameter and males have decreased bone density. In a vascular injury study estrogen protection was retained in the (ERKO mice. 
In (ERKO mice the males are fertile, females are subfertile with infrequent pregnancies and reduced litter size. The uterus of  (ERKO mice has a normal response to estradiol and can support a pregnancy. Ovaries look normal but have reduced ovulation. Mammary gland is normal. In the male (ERKO they have normal testis and normal sexual behavior. Female (ERKO have increased bone density, males have normal bone density. In vascular injury study estrogen protection was retained. 
In the double knockout mouse, the αβERKO, both sexes are infertile. In the female αβERKO the uterus resembles the αERKO phenotype; insensitive to estradiol. The ovaries of the (βERKO the granulosa cells undergo transdifferentiation into Sertoli-like cells.  The mammary gland is immature and resembles the αERKO phenotype.  Testes resembles the αERKO in phenotype. Males do not mount and have disrupted mating behavior.  Both sexes are shorter than wild type. Estrogen protection is lost in a vascular injury study.

 
These knockout mice have been very useful in determining the role that the two estrogen receptors, ER-(  and ER-β play  in the tissues of mice.

Questions:

1.
From this study one can conclude that the mouse requires ? estrogen receptor to have estrogen protection in vascular injury?

a..
ER-α

b.
ER-β

c.. 
Neither are required

d. 
Both are required

e..
Either ER-α or ER-β
True or False

2.
Estrogen Receptors produce a protein product?

3.
None of the ER knockout mice exhibit normal sexual behavior?

4.
The phenotype of the αβERKO is more similar to the phenotype of the αERKO?

Answers 
1.
e 
2.
True 
3.
False (male (ERKO exhibit normal sexual behavior) 
4. 
True

Touart.  Factors Considered in Using Birds for Evaluating Endocrine-disrupting Chemicals, pp. 462-468
Summary: The concern over endocrine-disrupting chemicals (EDC) is that they can interfere with natural hormones. Birds are a good choice for testing EDC because they have high rates of food consumption; high metabolic rates; periods of starvation that mobilize lipid reserves; hormone-dependent behaviors, developmental strategies, and control of sexual differentiation. The EPA designed an Endocrine Disruptor Screening Program (EDSP) and this article promotes consideration of the role birds play in the EPA EDSP.

The EDSP has a two-tiered approach: Tier 1- in vitro and in vivo mammalian and ecotoxicological screens (using fish and mammals as representative “book ends” of vertebrate species), and Tier 2- a set of long-term in vivo tests to identify and characterize endocrine effects of chemicals. Birds are used in the Tier 2 tests- they are different from other vertebrate taxa because: they are homeothermic and oviparous, and they have different control of sexual differentiation (males are homogametic sex). To provide information about adverse consequences in taxa of interest, a Tier 2 test must expose animals in a series of concentrations through all critical life stages. The 4 key life stages of birds in which endocrine-mediated processes are most likely subject to disruption are: 1) in ovo (embryonic development), 2) offspring (juvenile growth), 3) subadults (sexual maturation) and 4) adults (sexual reproduction). To assess all of these, a test must use 2 generations.

If parents are exposed, then the embryo exposure (from maternal deposition) may not manifest until the embryo (F1 generation) develops, sexually differentiates, reaches maturity, and reproduces. Because of this 2 generation requirement, choices of bird species are limited. Two species of quail considered are northern bobwhite (Colinus virginianus) and the Japanese quail (Coturnix japonica). Both breed well in the lab and have precocial chicks. But the Japanese quail has a rapid incubation time and high egg production, making it more suitable- the 2 generation test could be completed in 30 weeks versus 70 weeks with the bobwhite. The test would expose the parental generation (P), which reproduce to have a second generation (F1) that grow and mature and produce a third generation (F2). The number of eggs collected and incubated to hatch for the F1, and additionally for the F2 generation, determines the total number of birds used in an experiment. There is question if the parent part of the test should begin with pairs that are proven fertile to rule out infertility unrelated to the chemical exposure. There is also the question if the F1 generation should be re-exposed from hatch through egg-laying, or only the embryo exposure should be evaluated. However, the F2 generation would not be exposed and only observed until sexual differentiation.

Fitness endpoints to consider include mortality and any clinical signs of toxicity like lethargy, depression, wing droop, ruffled feathers, and lacrimation. Food consumption and body weight should be monitored. Various egg parameters like number laid, eggs cracked or broken, abnormal eggs, eggshell strength and thickness, infertile eggs, embryonic deaths, and number hatched are monitored in P and F1 generations. Chicks hatched should be monitored for abnormalities- at hatch and throughout maturation. Developmental landmarks include feather dimorphism, cloacal gland size, time to sexual maturation, molt timing, and behavior. The effects of stain differences should also be considered.

Questions:

1) 
What are the 4 life stages of birds assessed?

2) 
What type of approach does the Endocrine Disruptor Screening Program take?

a) 
One-tiered

b) 
Two-tiered

c) 
Three-tiered

3) 
What is the most suitable species of bird for the EDSP?

Answers: 
1)
In ovo, juvenile, subadult, adult
2) 
b 
3) 
Japanese quail

Ankley and Johnson.  Small Fish Models for Identifying and Assessing the Effects of Endocrine-disrupting Chemicals, pp. 469-483
Summary: Since 1990 there has been world-wide concern on how endocrine-disrupting chemicals (EDC’s), especially estrogens and androgens, affect the hypothalamic-pituitary-gonadal (HPG) axis of humans and wildlife.  Examples of adverse effects of environmental EDCs involve fish:
· Feminized fish have been found downstream from waste water containing estrogens and alkylphenols

· Pulp and paper mill effluent is associated with altered endocrine function in fish

· Great Lakes are contaminated with tetrachlorodibenzo-p-dioxin and PBCs

· Polycyclic aromatic hydrocarbons at marine sites have caused adverse effects on native fish

Small fish species are good models for this type of research because:

· They can be impacted ecologically by these chemicals

· The basic molecular machinery for initiation of toxic responses is highly conserved across vertebrates; specifically the HPG axis is quite similar in all vertebrates, so fish can be used as models for other vertebrates

· They cost less to use than mammalian systems

· Chemical delivery is very efficient

· Length of assays is short if mammalian species

The following small fish species are commonly used:

Fathead minnow (Pimephales promelas)
Japanese medaka (Oryzias latipes)

Zebrafish (Danio rerio)

In 1996, in the USA, the Environmental Protection Agency (EPA) was directed to develop a formal screening and testing program for EDCs.

· Of 5 test systems for Tier 1 screening, 3 use rats, one amphibians, and one fish (fathead minnow) for a 21 day assay.

· Suspect chemicals then undergo more extensive Tier 2 testing, with full-life cycle and multi-generational assays with a number of vertebrates, including fish (fathead minnow, Japanese medaka, sheepshead minnow)

Internationally, the Organization for Economic Cooperation and Development (OECD) wants to harmonize test methods for EDCs and is focusing specifically on fish tests using fathead minnow, Japanese medaka and zebrafish for both partial- and full-life cycle testing.

This article:

1) 
Describes the fish HPA axis as it represents a “general vertebrate”, emphasizing sexual development and reproduction

2) 
Presents basic experimental design and methodological considerations of fish testing

3) 
Discusses advantages and limitations of 3 commonly used small fish species for EDC testing

4) 
Briefly summarizes results of EDC testing using these 3 species

1) 
Description of fish HPG axis as it represents a “general vertebrate”, emphasizing sexual development and reproduction (Endocrinology of Fish)

· The HPG axis of teleost fish is similar to that of oviparous vertebrates, and involves the pituitary gland, the gonads and the liver

· Hormones or neurotransmitters are the signals that are delivered to target cells:  hormones via the slower vascular system, and neurotransmitters via the faster neural system.  A third type of signal, called a paracrine, is secreted into the extracellular space, and diffuses to adjacent cells that respond to the signal.

· Target cells respond either with activation or inhibition of cellular processes, and, depending on the developmental stage, the effects on the whole animal can be either organizational (e.g.: early developmental cell differentiation into gonads) or activational (e.g.: later life stage gonad response such as initiation of reproduction).

· The HPG axis is a dynamic system, with each component linked by a positive and/or negative feedback loop to achieve a stable control system.

· Natural perturbations, such as light or temperature changes, can activate the system into a new state, resulting in reproduction

· However exogenous chemical signals may interfere with this, causing inappropriate changes, or inability to respond properly to normal cues

· Organisms are most susceptible to this interference during development and reproduction
· The bioassays being developed to detect chemicals capable of disrupting the HPG axis are short-term, but incorporate developmental stages for assessing organizational disruptors or adult reproductive life-stages for assessing activational effects.

HPG Axis and Reproduction

· Fat-head minnows, medaka and zebrafish are asynchronous spawners (as opposed to synchronous or one-event spawners); with the appropriate cues, they will spawn over and over again, producing another batch of eggs each time

· The frequency depends on the species and the environment (optimally, medaka every day, fathead minnows every 3 days, zebrafish ~ every second day)

· The teleost hypothalamus/hypophysis complex is unique among vertebrates:  instead of being connected by a portal system, the adenohypophysis (pituitary) is directly innervated by hypothalamic neurons that secrete neurohormones directly into the intercellular space of the hypophysis.

· Gonadotropin-releasing hormone (GnRH - the main hormone secreted by the hypothalamus) stimulates production and/or release of two gonadotropic hormones:  an FSH-like one that induces oogenesis and spermatogenesis, and an LH-like one that causes final gamete maturation and ovulation or sperm release

· The germinative cells of the asynchronous ovary are in various stages of development, from primary oogonia to mature oocysts, at any particular time

· The granulosa cell layer surrounds the developing oocyte and helps translocation of the egg-yolk lipoprotein vitellogenin into the developing oocyte

· Thecal cells in the stroma are involved in synthesis of steroid hormones
· The LH-like hormone stimulates thecal cells to produce testosterone, which diffuses to the granulosa cells where the FSH-like hormone induces enzymatic conversion of testosterone to estrogen
· The estrogen’s main role is oocyte development and stimulation of the liver to produce and secrete vitellogenin; other effects include: induction of female secondary sex characteristics, and negative feedback to the hypothalamus and hypophysis

· The testis contains three pituitary hormone-responsive cells: 1) germinal spermatogonia at various stages of development like female asynchronous spawners (main difference is groups of similarly staged sperm develop in a cyst); 2) Sertoli or “nurse” cells at the perimeter of each testicular lobule that respond to gonadotropic hormones by fostering production and maturation of sperm, and 3) Leydig cells in the interstitium, that produce male fish androgens (testosterone and 11-ketotestosterone)

· The androgens induce male secondary sex characteristics and give negative feedback to the hypothalamus and hypophysis

· The liver is NOT normally a functioning endocrine organ in the male fish, however the hepatocytes have retained the basic machinery to produce vitellogenin

· Exposure to chemicals that bind to these hepatic estrogen receptors stimulates production and release of vitellogenin, however the male fish cannot remove it so it accumulates, cause reproductive dysfunction and kidney failure.
HPG Axis and Development

· Understanding of the HPG axis and sexual development relative to organizational events is only general 

· The gonad of both the fathead minnow and medaka differentiates early in development, and by hatch it is either male or female

· Zebrafish embryos are all female, then ~ 45 days after hatching, the ovarian tissue of some regresses and redevelops into a testis, under control of the HPG axis, however where the primary signal originates is unknown

· After 60 days, the zebrafish HPG axis becomes similar to the other two species

· In the laboratory, the sex ratio of medaka and fathead minnow is 50:50, but the zebrafish can be up to 60:40 in either direction

· Although the HPG axis’ involvement in sexual differentiation is unclear, there is ample experimental evidence that the sex of all 3 species can skew in either direction by treating the developing fish at the right time with estrogenic or androgenic chemicals

· Estrogens and androgens (natural or synthetic) are capable of causing organizational effects on the sexual differentiation of developing fish, which is sometimes incomplete, resulting in a testis-ova or an ova-testis.

· There is also evidence that developing fish exposed to EDCs may exhibit altered courtship when they become adult

· This indicates that both activational and organizational disruptions can occur from exposure early in development

2) 
Basic Experimental Designs for Small Fish EDC Testing

· Include both acute (≤ 96 hour lethality) to full-life cycle protocols

· EDCs are more likely to cause long-term sub-lethal effects, so short-term lethality studies are not useful
· Early gonadal development and active reproduction are susceptible to EDC disruption of the HPG axis

· Full life-cycle tests with a variety of developmental and reproductive endpoints are ideal for assessing EDCs in fish, however time and resources reduce feasibility of these tests for large-scale routine testing of all chemicals

· So two types of partial-life cycle test have been developed to detect effects of exposure to EDCs

1) embryos or larva are exposed to test chemicals, through to gonadal differentiation – endpoints focus on sexual differentiation, esp. deviations of phenotypic sex vs. genotypic sex

2) reproductively mature fish are exposed to chemicals of concern – endpoints look at reproduction, i.e. fecundity, secondary sex characteristics, vitellogenin, steroids.

· Key considerations when conducting partial or full-life cycle assays with fish include:

· Better to maintain reproductive cultures of test fish rather than purchase them as needed, in order to reduce variables caused by water, diet, temperature, photoperiod, etc

· Water is easiest route of exposure, but oral or IP injections can be used

· With organic chemicals, carrier solvents such as etone or methanol have historically been used but are problematic (the test chemical may become artificially soluble; the solvent may contribute to toxicity; more chambers are necessary for non-solvent controls; solvents may enhance microbial growth, esp. if > 7days)

· “Saturator” systems have now replaced solvents in many situations involving long-term tests.

· Water renewal rate is a critical test variable  - these range from static to static/renewal to continual flow/renewal of water to the test system

· Static and static/renewal cannot maintain good water quality for more than a day or 2; fish health suffers, exposure to test chemicals fluctuates, and test are difficult to interpret re: environmental risk

· Optimal system:  continual-flow design with partial or full-life cycle testing of EDCs in fish

3) 
Small Fish Models for EDC Testing: Strengths and Limitations

· Fathead minnow, medaka, zebrafish – all have rapid life cycle (≤ 4mo generation time from embryos to reproducing adults)

· Continuous culture methods in labs are well established

· These species are amenable to the amount of handling required for testing

· Spawning activity precisely controlled through temperature and photoperiod manipulations – can be used for partial and full-life cycle testing

Other information:

	
	Fathead Minnow
	Japanese Medaka
	Zebrafish

	Fish Family
	Cyprinidae
	Adrianichthydae (rice fish)
	Cyprinidae

	Distribution
	North America
	SE Asia
	India & Burma

	Length
	50 – 75 mm
	25 – 50 mm
	40 – 50 mm

	Weight
	2 – 5 g
	0.7 – 0.8 g
	1.5 g

	Blood Collection?
	Yes
	Difficult
	Difficult

	Sexual Dimorphism
	Yes
	Yes
	Very little

	Spawning design
	Paired or group
	Paired or group
	Not specified

	Generation time
	4 months
	2 – 3 months
	2 – 3 months

	# eggs laid
	50 – 200 q3days
	10 – 30 qday
	150 q5-10 days

	How laid
	Discrete egg mass
	Discrete egg mass
	Scattered

	Days to hatch 
	4 –5 days (25o C)
	8 – 10 days (25o C)
	3 days (28o C)


· Fatheads and medaka

· Sexual dimorphism allows assays with known phenotypic males and females

· 2o sex characteristics in fatheads and medaka can be used as an endpoint for detecting EDCs

· group spawning means fewer tanks BUT paired spawning gives superior endocrinology data – can detect reproductive output of individual animals

· in fatheads, can visually differentiate gonads by 80 to 90 days post hatch

· in medaka, larval gonad development is better understood than in fathead or zebrafish

· medaka model also has useful strain variants

· Zebrafish

· Developing embryos can be observed readily through transparent egg chorion

· Entire genome is currently being sequenced

Most traditionally conducted toxicology research has used the fathead minnow

4) 
Summary of Results of EDC Testing 

Partial Life-Cycle Reproduction Tests (~21 days)

· Starts with animals with a history of successful reproduction (egg production)

· Evaluates a series of whole organism and diagnostic endpoints during relatively short-term chemical exposure

· Mostly used with fathead minnow, but also with the other 2 species

· Fish are acclimatized, then exposed via water for ~ 21 days and assessed for:

· Survival and size of adults

· Fecundity

· Fertility

· Larval viability

· At the end of the study, more specific EDC related effects are assessed:

· Gonadal condition (weight, histo)

· Status of 2o sex characteristics

· Conc of vitellogenin in plasma and liver

· Plasma sex conc (estrogen & androgen)

· Partial-life cycle tests have been used to assess:

· Estradiol

· Ethinylestradiol

· Alkylphenols

· Methoxychlor

Exposure to strong and weak estrogen agonists

· Induction of vitellogenin in adult males is the most important diagnostic endpoint for identifying exposure to estrogens in partial life-cycle reproduction tests 
· Vitellogenin induction is highly specific for estrogen agonists because baseline levels in males are almost undetectable and the response is sensitive and rapid
· Males cannot eliminate the vitellogenin, so levels remain elevated for a long time even after brief exposure to an estrogen.

· In one study: after one IP injection of male fatheads with estradiol, plasma estradiol levels peaked quickly and returned to control after 24 hrs; induction of vitellogenin mRNA occurred in 8 hours and returned to control after 6 days and vitellogenin protein in plasma increased in 24 hr, maxed at 48 hr, and remained elevated over 400 hours (~ 17 days)

· Other results of exposure to strong and weak estrogen agonists include:

· Changes in 2o sex characteristics of fatheads and medaka

· Decreased expression of sex characteristics in spawning males

· Reduce fecundity +/or cessation of reproduction 

· Presence of testis-ova in both sexes in medaka (rarely in the other 2)

· Alteration in circulating sex steroids 

Exposure to strong androgen agonists (methyltestosterone, trenbolone)
· External masculinization of females is the most important diagnostic endpoint for identifying androgen receptor agonists in adults of sexually dimorphic species
· Female fatheads exposed to methyltestosterone develop dorsal nuptial tubercles normally only seen in males

· Female medakas exposed to 11-ketotestosterone and trenbolone develop male-like papillary processes on the anal fin

· Other results of exposure to strong androgens include:

· Reduced fecundity

· Altered gonadal histology in both sexes

· Influences on circulating conc of vitellogenin and steroid hormones

Exposure to androgen antagonists (vinclozolin and flutamide)
· Diagnostic endpoints are not well defined, but decrease in mature oocytes and increase in atretic follicles is the most consistent response

· Other results of exposure to androgens antagonists include:

· Vitellogenin and steroid concentration in fatheads is affected

· Reduced fecundity

Exposure to compounds that inhibit aromatase (NB for conversion of testosterone to estrogen)
· Decrease in circulating estradiol in females, accompanied by decrease in vitellogenin is the most important diagnostic endpoint for identifying aromatase inhibitors

· Other results of exposure to aromatase inhibitors include:

· Decreased fecundity

· Changes in gonadal histology

Partial Life-Cycle Early Development Tests

· Tests are initiated with embryos or juveniles and continue for several weeks
· OR in medaka, where windows of differentiation are well-known, exposure may last only a few days

· Test endpoint is assessment of phenotypic sex relative to expected genotypic sex

· In fatheads and zebrafish, genetic sex determination is not well understood, so deviations from expected sex ratios serves to identify potential EDCs

· In medaka, genetic sex can be determined with color-sex linked strains so direct comparisons of phenotypic to genotypic sex is possible

· Other endpoints include:

· Assessment of gonadal development and histology

· Vitellogenin conc in tissues (like males, larval fish have low conc of vitellogenin but are able to produce protein in response to estrogen agonists)

· Sex reversal (strong estrogens or androgens), i.e., medaka exposed to estradiol or ethinylestradiol for 1 – 2 mo after hatching produced only female fish; larval medaka and zebrafish exposed to methyltestosterone results in 100% male populations

· Feminization of male medaka (weak estrogens like alkylphenols) - 2o sex characteristic changes may be reversible but testis-ova are not

· Affected ovarian and testicular development from exposure to antiandrogenic EDCs (cyproteron acetate, vinclozolin)

· Vitellogenin induction is also a good indicator of estrogenic properties of chemicals in early-life stage tests with these 3 fish

· Estradiol significantly induced vitellogenin in fish exposed from 24 hr after fertilization to 30 days after hatch

· Ethinylestradiol, methoxychlor and 4-tert-pentylphenol induced vitellogen in juvenile fatheads over a 14-day exposure; ZM 189,154, an estrogen receptor antagonist, decreased vitellogenin concentration

· Alkylphenols induced vitellogenin in medakas during developmental exposure

Full Life-Cycle Tests

· Typically, newly fertilized embryos (Fo) are exposed, and maintained for weeks to months

· F1 offspring are exposed in the same way until sexual differentiation

· Effects on both reproduction and development are assessed, capturing all the endpoints encompassed by the more focused partial-life cycle tests

· Disadvantages

· very resource intensive, taking from 6 to 9 mo

· require intensive daily attention

· even minor problems with test system (water quality or disease outbreak) can result in failed assay and wasted resources

· Because of this, full-life cycle tests are rarely used for routine testing, however they do have a role for testing high priority EDCs or for ecological risk assessment

· They are also useful for identifying the sensitive life stages/endpoints on which to base shorter-term tests, and can be used to validate biological significance (i.e. adverse effects on development and reproduction) of these endpoints

· Some examples of full-cycle tests in the literature include:

· Fathead minnows were exposed to ethinylestradiol at varying concentrations for 305 days – no reproductive effects were seen with the low dose, but testis-ova and vitellogenin induction were seen with the higher doses

· Medaka were exposed to 4-nonylphenol, a chemical associated with feminization of fish near effluents, and found F1 were more sensitive to induction of testis-ova than parental fish

· Medaka were exposed to 4-tert-pentylphenol, a weak estrogen agonist, and F1 were again found to be more sensitive

· Medaka were exposed to 4-tert-octylphenol, and reduced courtship behavior in males as well as malformations during early development of F1 were seen

· Zebrafish were exposed to 3 different estrogen agonists and fertilization success of eggs from Fo was affected

· Medaka exposed to methyltestosterone masculinized both parental and F1 females

· In addition to full-life cycle designs, descriptions of multigenerational protocols for exposure to EDCs, which include an F2 generation, exist in the literature, which may have relevance for maternal transfer of contaminants

· Fish tests are important for EDC screening, both from ecological and extrapolation perspectives

· Partial and full-life cycle tests that focus on reproduction and development provide a basis for quantitative predictions of ecological risk, and can serve as generalized models for identifying chemicals that affect the vertebrate HPG-axis

Questions:
Which of the following is the correct genus and species for 1) fathead minnow, 2) Japanese medaka, 3) zebrafish, 4) sheepshead minnow?

a) 
Danio rerio

b) 
Cyprinidon variegates
c) 
Oryzias latipes

d) 
Pimephales promelas
5) 
T/F:  The basic aspects of the hypothalamic-pituitary-gonadal axis of vertebrates is conserved across species, providing a technically robust basis for using fish as a model.

6) 
T/F:  The principle components of the HPG-axis in fish include the hypothalamus, hypophysis, gonad and kidney.

7) 
Which of the following cell assists in translocation of egg-yolk lipoprotein (vitellogenin) into oocytes?

a) 
Germinal

b) 
Granulosa

c) 
Leydig
d) 
Sertoli

e) 
Thecal

8) 
All embryos of which of the following species first develop a female gonad?

a) 
Danio rerio

b) 
Cyprinidon variegates
c) 
Oryzias latipes

d) 
Pimephales promelas
9) 
When is the HPG axis of posthatch fathead minnow, medaka and zebrafish structurally and functionally equivalent?

a) 
15 days

b) 
30 days

c) 
45 days

d) 
60 days

e) 
75 days

10)
Under standard laboratory culturing conditions, the sex ratio of which of the following is typically 60:40 in either direction?

a) 
Fathead minnow

b) 
Japanese medaka

c) 
Sheepshead minnow

d) 
Zebrafish

11)
Which of the following water renewal systems is ideal for EDC testing?

a) 
Completely static (chemical added once to system)

b) 
Semi-static-renewal (solutions removed/replaced every 8 hrs)

c) 
Static renewal (solutions removed/replaced every 24 hours)

d) 
Continual flow/renewal (water continuously renewed)

12)
What is the approximate generation time from embryo to reproducing adult of the fathead minnow, medaka and zebrafish?

a) 
</= 4 wks

b) 
</= 16 wks

c) 
> 16 wks but < 24 wks

d) 
>/= 24 wks

13)
In which of the following fish is blood collection easiest?

a) 
Fathead minnow

b) 
Medaka

c) 
Zebrafish

14)
Which of the following fish lays eggs by broadcasting them over the substrate?

a) 
Fathead minnow

b) 
Medaka

c) 
Zebrafish

Which of the following fish has 15) a 3 day hatch time, 16) a 10 day hatch time, 17) a 5 day hatch time?

a) 
Fathead minnow

b) 
Japanese medaka

c) 
Zebrafish

18)
Which of the following fish is in the Adrianichthydae family?

a) 
Fathead minnow

b) 
Japanese medaka

c) 
Zebrafish

19)
 Which of the following fish is in the rice fish family?

a) 
Fathead minnow

b) 
Japanese medaka

c) 
Zebrafish

20)
In partial life-cycle reproduction tests, fish are typically exposed to potential EDCs for what length of time?

a) 
7 days

b) 
14 days

c) 
21 days

d) 
28 days

e) 
35 days

21)
Induction of vitellogenin in adult males during partial life-cycle reproduction tests is the most important diagnostic endpoint for identifying exposure to what type of EDC?

a) 
Androgen agonists

b) 
Androgen antagonists

c) 
Aromatase inhibitors

d) 
Estrogen agonists

22)
External masculinization of females in sexually dimorphic species during partial life-cycle reproduction tests is the most important diagnostic endpoint for identifying exposure to which of the following?

a) 
Estradiol

b) 
Trenbolone

c) 
Vinclozolin

d) 
Flutamide

e) 
Fadrozole

23)
Match the compound with its category

Compound 


Category

4-nonylphenol 

Estrogen agonist




4-tert-octylphenol

Estrogen antagonist

4-tert-pentylphenol 

Androgen agonist




11-ketotestosterone

Androgen antagonist

alkylphenols


Aromatase inhibitor

cyproterone acetate 

estradiol

ethinylestradiol

fadrozole

flutamide

methoxychlor

methyltestosterone

octylphenol

testosterone

trenbolone

vinclozolin

ZM 189,154

24)
How long is vitellogenin protein present in plasma after a single IP injection of estradiol in male fathead minnows?

a) 
8 hrs

b) 
24 hrs

c) 
6 days

d) 
17 days

25)
Female fish exposed to fadrozole using a partial life-cycle reproduction test will most likely show which of the following?

a) 
External masculinization

b) 
Decrease in mature oocytes

c) 
Increase in atretic follicles

d) 
Decrease in vitellogenin

26)
Which of the following is the most important diagnostic endpoint for identifying exposure to ethinylestradiol in partial life-cycle reproduction tests in fish?

a) 
External masculinization of female fish

b)
Increase in atretic follicles

c) 
Decreased vitellogenin in female fish

d) 
Induction of vitellogenin in male fish

27)
Which of the following is the most important diagnostic endpoint for identifying exposure to trenbolone in partial life-cycle reproduction tests in fish?

a) 
External masculinization of female fish

b) 
Increase in atretic follicles

c) 
Decreased in mature follicles

d) 
Decreased vitellogenin in male fish

28)
Which of the following is the most important diagnostic endpoint for identifying exposure to flutamide in partial life-cycle reproduction tests in fish?

a) 
External masculinization of female fish

b) 
Increase in atretic follicles

c) 
Increase in circulating estradiol in female fish

d) 
Induction of vitellogenin in male fish

29)
T/F: Strong estrogens or androgens may cause sex reversal in partial life-cycle early development tests.

30)
T/F:  Larval fish of both sexes normally produce large amounts of vitellogenin until they become sexually mature.

31)
T/F:  In fathead minnows and zebrafish, deviations from expected sex ratios serve to identify potential EDC’s in partial life-cycle early development tests.

32)
T/F:  In medaka, genetic sex can be determined with color-sex linked strains so direct comparisons of phenotypic to genotypic sex is possible

Answers:

1) 

d

2) 

c

3) 

a

4) 

b

5) 
T

6) 

F; Liver, not kidney

7) 

b

8) 

a

9) 

d

10) 
d

11) 
d

12) 
b

13) 
a

14) 
c

15) 
c

16) 
b

17) 
a

18) 
d

19) 
d

20) 
c

21) 
d

22) 
b

23)
 


	Estrogen agonist
	Estrogen antagonist
	Androgen agonist
	Androgen antagonist
	Aromatase inhibitor

	estradiol
	ZM 189,154
	testosterone


	vinclozolin
	fadrozole

	alkylphenols
	
	11-ketotestosterone
	flutamide
	

	octylphenol
	
	methyltestosterone
	cyproterone acetate
	

	ethinylestradiol
	
	trenbolone
	
	

	methoxychlor
	
	
	
	

	4-nonylphenol
	
	
	
	

	4-tert-octylphenol
	
	
	
	

	4-tert-pentylphenol
	
	
	
	


24) 
d

25) 
d

26) 
d

27) 
a

28) 
b

29) 
T

30) 
F; Like males, larval fish have low concentrations of vitellogenin, but are able to produce the protein in response to estrogen agonists.

31) 
T

32) 
T

deFur.  Use and Role of Invertebrate Models in Endocrine Disruptor Research and Testing, pp. 484-493

Summary: Presence of hormonal system in invertebrates (arthropods, mollusks, gastropods) provides an excellent model to test and study the effect of Endocrine-disrupting chemicals (EDC). Invertebrates use a wide variety of hormones, including simple amides, peptides, steroids, and terpenes. Their excellent abundance, simple nervous and endocrine system and their importance in the ecosystem necessitates the study of deleterious effects of EDCs on these invertebrates. This also, helps us to study and predict the role of EDCs in vertebrates.  Most invertebrates rely on nonsteroidal hormones (receptors) to regulate biological functions and composed mainly of neuroendocrine components.
The arthropods (insects and crustaceans) are the only with true endocrine gland. The most well studied hormonally controlled system in arthropods is the molting or Ecydysis. The molting hormone, Ecy is a steroid hormone and is chemically identical to the molecule found in crabs, shrimp, crayfish, lobster, spiders, mites and horseshoe crabs. Ecy nuclear receptor is homologous to retinoid X receptor. But the crustacean and insect molting hormones have two important differences in the control over the release synthesis. In insect, it*s under the positive control exerted by prothoracotropic hormone, whereas in crustaceans it*s under negative control from molt-inhibiting =

hormone (MIH). Another hormone called Juvenile form (JH) is found to responsible for insect molting and maturation apart from maintaining juvenile form.
The most commonly known EDC in invertebrates are bispheonl A, octylphenol, nonylphenol, endosulfan, methoprene, fipronil and tributylin. Previously approved chlordecone and kepone pesticide are now prohibited due to their EDC activity on the blue crabs and insects, thereby harming the ecosystem. Due to this EDC effect on the invertebrates, EPA and the American Society of Testing and Materials (ASTM) developed a wide range of assay for testing chemicals under different regulatory programs and applications. Most commonly used species in EDC screening are bienthic copepods (Amphiascus tenuiremis), grass shrimp (Palaemonetes pugio), water fleas (Daphnia magna) and bivalves. Mollusks, especially snails, oysters, and clams are important EDC assay system as TBT induced imposex is the best case of field-demonstrated ED effects. An ASTM method exists for sea urchins; and the vertebrate steroid has been reported in echinoderms.
EPA is currently developing and validating screening assays to identify EDCs on fish, wild life, and humans. According to authors opinion this program will fall short as they are not assessing this effect to on invertebrate species. Invertebrate assays are necessary to provide existing data on the presence of estrogens and androgens in mollusks and echinoderms and also the use of Aplysia genes offer possibility of simple system to identify and study EDC.  At present endocrine systems of crustaceans, echinoderms, insects and mollusks offer real possibility and opportunity in identifying EDCs that act on higher vertebrates and also on ecologically and economically important invertebrate resources on earth.
Questions:
1.
The most well studied hormonally regulated mechanisms in arthropods (invertebrates) is ___________ and the molting hormone is called ________.
2.
What does the acronym EPA & ASTM stands for?

3.
Name three commonly used invertebrate models used by ASTM?

4.
List few EDC involved in invertebrate endocrine disruption

5.
T or F. According to author*s opinion, the EPA proposed developing and screening assays to identify EDC on fish, humans and wildlife are most likely to succeed.
Answers:

1.
Molting, Ecy

2.
Environmental Protection Agency, American Society for  Testing and Materials

3.
Water fleas, Bienthic copepods, and grass shrimp

4.
Bisphenol A, octylphenol, Fipronil, Endosulfan, Nonylphenol

5.
False, likely to fail as they don*t include the role of EDC in invertebrates
Charles.  In Vitro Models in Endocrine Disruptor Screening, pp.  pages 494-501

Introduction
In 1998 the Environmental Protection Agency formed the Endocrine Disruptor Screening and Testing Advisory Committee (EDSTAC).  The EDSTAC recommends tiered testing for evaluating estrogen, androgen and thyroid-related effects of 87,000 commercial chemicals and industrial environmental contaminants.  This article focuses on the Tier I testing, which are the In vitro assays recommended to the EPA.  Tier I assays are designed to be quick, inexpensive, and sensitive (rather than specific).  The Tier I EDSTAC recommended test batteries consists of 1) Binding Assays, 2) Transactivation Assays, 3) Minced Testis Assays, 4) Placental Aromatase Assay.

Receptor Binding and Transactivation Assays
These assays are used for the Androgen Receptor (AR), the Estrogen Receptor (ER) and its subtypes, ER-alpha and ER-beta subtypes.  These are members of the nuclear receptor subfamily.  Nuclear receptors function to regulate transcription (activate or inhibit transcription).  When the native hormone binds the cytosolic/nuclear receptor, there's a resultant conformational change, receptor dimerization, and receptor binding to DNA regulatory sequences.  Binding to these regulatory sequences that lead to recruitment of coactivator proteins.  This DNA bound, receptor complex then either activates or inhibits transcription of the DNA.  Cell-membrane G-protein and protein kinase activation mechanisms have also been demonstrated for these receptors. 

Binding assays measure the ability of varying concentrations of a test compound to compete for binding with a single concentration of a radiolabeled native hormone (typically tritium labeled E2 or DHT).  Competitive binding curves are generated, and the IC50, or the relative binding affinity, is determined.  Binding assays use cell-free receptor preparations of uterus for ER, or prostate for AR.  Cytosolic extracts from cultured cells, transformed yeast, and baculovirus _expression systems are also used.


Transactivation Assays (Reporter Gene or Gene Transactivation Assays) work by having the ligand-bound nuclear hormone receptor bind to the DNA and initiate transcription of a downstream recombinant genetic construct of a reporter gene, i.e., beta-galactosidase, luciferase, chloramphenicol acetyl transferase, or green fluorescent protein.  The activity measurement signals the potency of various ligands to bind the receptor.  These assays can assess both agonist and antagonist activity.  Yeast and mammalian cell systems have been used.  

The minced testis assay currently uses sectioned portions of tissue from the decapsulated testis of naïve rats, incubated in culture media with the test compound, and in the presence or absence of the steroidogenic stimulant hCG, to determine the compound's ability to disrupt the Leydig cell steroidogenic activity.  Incubation media is collected at various time points and analyzed for testosterone by RIA or gcMass Spec.  Assessment of steroidogenesis effects has been limited to use of ovary and testes.  


The Placental aromatase assays seek to identify specific inhibitors of the aromatase enzyme.  Aromatase catalyzes conversion of androgens to estrogens.  Cell-free enzymatic preps from both human placenta and recombinant sources, primary cultures of hepatocytes and Leydig cells, and immortalized JEG-3, Jar, and H295R chorio- and adrenocortical carcinoma cell culture systems have been used.  The assay is carried out by the product isolation method or by the radiometric assay method.  The product isolation method is considered to be the gold-standard.  With product isolation, labeled or unlabeled androgen is incubated with the cell-free prep, then the estrogenic products are quantified via mass spec, or immunoassay.


Questions:
1.
What's a limitation of the binding assay (3 were named)?

2. 
What's an advantage of using the mammalian cells over yeast in Transactivation assay system?

3.
What is a disadvantage of minced testis preparations over primary Leydig cell preps?

4. 
With the Placental aromatase assay, why would the product isolation method be the gold standard?
Answers:

1. 
These assays cannot distinguish between agonists and antagonists.  In the rat cytosolic tissue preps, differential tissue _expression of the ER isoforms can lead to binding data that is tissue selection dependent.  Third, compounds that need to be metabolized to estrogens and androgens will not be detected. 

2. 
Yeast requires introduction of both a receptor and a reporter construct, while mammalian cells naturally expressing the receptor of interest would only require the reporter construct.  Dual receptor-reporter transfections can still be done in mammalian systems., and are common.

3. 
Although minced tissue preps are easier to prepare than primary tissue cultures, the number of used in the assay is easier to control/determine with the primary Leydig cell preps over the minced tissue.  Decreased steroidogenic activity in the assay would be difficult to differentiate from unequal activity across preparations and or cytotoxity to Leydig cells.  Specifically measuring Leydig cell cytotoxicity is technically challenging in minced tissue preps.

4. 
The radiometric method has the potential for false-positives by indirectly measuring aromatase activity by measuring the amount of tritium labeled H2O produced after cleavage of androstenedione substrate.
