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1)In reproductive toxicity testing, semen evaluation has been a favored biomarker. Using semen analysis, spermatogenesis can be evaluated from two standpoints: the number of spermatozoa produced per day and the quality of the spermatozoa produced. What do each of these endpoints actually reflect? Do they say anything about the type or timing of the toxicant insult? Do they say anything about the mechanism of the process involved?

The number of spermatozoa reflects the function of the testes and the number of sperm produced in the seminiferous tubules. The Sertoli cells, which line the circumference of the tubules, support spermatogenesis and respond to circulating androgens. Specifically, Sertoli cells respond to FSH (follicle stimulating hormone) by secreting ABP (androgen binding protein). Leydig cells are found in the connective tissue stroma between the seminiferous tubules. LH (luteinizing hormone) stimulates the Leydig cells to secrete testosterone. Testosterone stimulates spermatogenesis through androgen receptor mediated action on the Sertoli cells. Normal spermatogenesis requires high levels of testosterone. Evaluation of the number of spermatozoa produced per day reflects whether the levels of these particular hormones are being altered to increase or decrease the number of sperm. Types of toxic effects that could alter these levels include disruption of lipid uptake by the Leydig cells, interference with hormone clearance and disruption of feedback loops, interruption of hormone binding in both the Sertoli and Leydig cells, altered pituitary function, and interruption at the hypothalamus. Overproduction of inhibin would result in a decrease in number of spermatozoa produced, whereas overproduction of FSH would increase the number of spermatozoa produced. Toxic insults resulting in an increased or decreased number of spermatozoa may also reflect the nature of meiosis. Arresting the meiotic cycle would certainly cause a decrease in the number of spermatozoa, as accelerating meiosis would increase the numbers. The timing of this insult is during spermatocytogenesis, before the differentiation into spermatids. 

The quality of the spermatozoa involves a different set of considerations. The process where a round spermatid is converted into spermatozoa is called spermiogenesis and it occurs after cell division. The steps involved in this process include nuclear condensation, removal of some of the cytoplasm, formation of the acrosome, and formation of the tail structures. The cell itself, through transcription of particular genes, largely regulates these events. Where the number of spermatozoa is the result of the testicular environment and hormone regulations, the quality of sperm is due to the proteins within the cell itself. This would suggest that poor quality spermatozoa result mostly from genotoxic activity of a toxin. 

2) What is the process of evaluation required by laws within the US for testing of new, synthetic chemicals to be added to baby food as preservatives? If there is more than one step, how are each of these steps conducted and what do each of these steps do? How long does the overall process take? Are there any complications if the preservative demonstrates some small excess of bladder tumor formation only in guinea pigs?

3) How can a toxicant have an apparent distribution volume larger than the volume of the circulating blood supply? What about larger than the volume of the total body? What implications would a very large distribution volume have on the toxic impact of a compound, its clearance, and any attempts to assist in eliminating it from the affected organism?

The total volume of body fluids in which a toxicant is distributed is the apparent volume of distribution. A toxicant can be absorbed in to the interstitial fluid surrounding cells of the exposed tissue (skin, lungs, gastrointestinal tract).  From there the toxicant can leave the interstitial fluid and either enter the blood stream, enter the lymphatic system, or enter the local tissue cells. If the toxicant is present in more than one of the mentioned sites, its apparent distribution volume (Vd) would be smaller than the volume of the blood.  



Vd = dose (mg) x plasma conc (mg/L)

If the dose is high and plasma concentration is low, then the apparent distribution volume is large. The plasma concentration could be decreased by binding of the toxicant to binding proteins and thus a decrease in the amount of free toxicant in the plasma. This would allow for an increase of the apparent distribution volume to one larger than the volume of circulating blood. High doses of toxicants that localize to a particular tissue such as adipose will result in very low plasma concentrations and thus increase the distribution volume larger than the volume of the total body.

http://www.sis.nlm.nih.gov/ToxTutor/Tox2/a31.htm


The implications these scenarios have on toxic impact are that binding proteins or localization to particular tissues can essentially sequester the toxicants. The localization to specific tissue can be harmful to that tissue in that it is bombarded with the full impact of toxicant. This could cause a profound increase on the probability of disease and/or cancer within these tissues. Binding proteins in circulation may decrease the toxic impact by sequestering the toxicant and thus preventing it from binding or acting on its target. On the other hand, this sequestering may also hinder clearance and elimination of the compound. If the toxicant is bound to a protein or quickly absorbed by a particular tissue, than it is not going to be available for enzymatic chemicals that normally would metabolize these toxicants. This would result in a build up in the tissue or in the blood because non-metabolized toxicants would not be able to be eliminated by the body. Eventually, at higher doses, the build up would reach a level where the apparent distribution volume would decrease due to the increased concentration of toxicant in the plasma. This increase would be due to the saturation of the binding proteins and the target tissue and thus an end to the sequestering effect. This would then allow the toxicant to act on a broader range of tissues and organs and thus have a higher impact.

4)What are the assumptions underlying the use of animal testing in assessment of possible human toxicity risks? Are they justified?

The assumptions underlying the use of animal testing in the assessment of possible human toxicity risks are that the animals used in these tests respond to toxic exposure in ways similar to that of humans. This also assumes that the physiologic nature of the animals tested is similar to humans, especially in respect to reproductive, nervous and endocrine systems. While it is true that all mammals have the same body plan, with similar organs performing similar functions, there are differences between small mammals such as mice and humans. The first assumption made is that in comparing the effect of a toxicant on a small mammal to a large mammal scaling the dose is sufficient. Using parameters that are thought to be uniform across species, such as body mass, body surface area, body mass index and basal metabolic rate, it is thought that toxic effect on smaller mammals can be scaled to asses the risk on larger mammals, specifically humans.  This may not be efficient in cases where humans are not as tolerant to the toxicant as a smaller mammal.  There are also limitations in these parameters in respect to effect on development and reproduction. 

In risk assessment, generally the NOAEL for rodents often first determines the maximum contaminant level. Risk assessment then considers the interspecies differences and the interspecies variability. These considerations often use many different species to test the effect of a particular toxic substance. For example, in the proceedings for TestSmart-Endocrine disruptors at the John Hopkin’s Center for Alternatives to Animal Testing (CAAT), the procedure for screening substances for their ability to disrupt endocrine function included two tiers of testing. The first screen uses various in vitro assays as well as assays in rodents at three stages of development, and in frog metamorphosis and fish reproduction. The second tier of testing includes an even wider variety of species at various stages in each of their life cycles. This thorough screening process allows the validity of the toxins effect to be maximized. Although the exact effect a substance has on humans cannot be precisely known until it exposure is seen and studied in humans, reasonable predictions can be made by thorough analysis.

http://caat.jhsph.edu/

5)Would you eat honey made by bees from azalea flowers? Why or why not? Explain the specific reasoning behind your answer.

No, I would not eat the honey made by bees from azalea flowers. Azaleas are rhododendrons which are a genus of flowers that contain grayanotoxin. This toxin is in the flower’s nectar which becomes part of the honey made by bees. Grayanotoxins are compounds called diterpenes, which are polyhydroxylated cyclic hydrocarbons. “Honey intoxication” as it is called, causes short-term symptoms of dizziness, weakness, excessive perspiration, nausea and vomiting. Longer term effects of the toxin include low blood pressure or shock, bradyarrhythima (slowness of the heart beat associated with an irregularity in the heart rhythm), sinus bradycardia (a slow sinus rhythm, with a heart rate less than 60), nodal rhythm (pertaining to a node, particularly the atrioventricular node), Wolff-Parkinson-White syndrome (anomalous atrioventricular excitation) and complete atrioventricular block.

http://www.killerplants.com/plants-that-changed-history/20010724.asp

Grayanotoxins act by binding to sodium channels of excitable cells such as nerve and muscle cells. Blocking the sodium channels prevent inactivation and maintain a depolarized state.  This allows calcium ions to enter the cell. The depolarized state of the membranes in nerve, heart and muscle cells is what causes the toxic effect. These cells are unable to become inactivated. This seems like a pretty severe consequence, especially in the contest of action potentials of nerve cells and contraction of heart muscles. Although the intoxication usually doesn’t last more than 24 hrs and is rarely fatal, I would stay on the safe side and stick with Su-Bee

6)How might toxicant A [= 1-(2',5'-dihdroxyphenyl)-buta-2,3-ene-4-ol] be metabolized? Would you expect any possible activated intermediates? And, what form(s) might the endproducts or ultimate toxicants take?

7) A prize horse has managed to ingest a large volume of a concentrated, ionizable, alkaline detergent that was spilled into his water bucket. You are the veterinarian called to a large, well- equipped horse stable to attend. How do you proceed? What decisions do you make and what information do you use to make them? 


Horses have a fairly simple stomach and an incredibly large and complex large intestine.  Alkaline detergent is incredibly water-soluble. The first course of action following the ingestion of a large volume of a concentrated, ionizable, alkaline detergent would be to try to prevent absorption by giving the horse large amounts of water to drink; because the detergent is so water soluble, this may flush some of the detergent through its system. Another measure I would take would be to attempt to slow the absorption of the detergent as quickly as possible. One way to try to do this is by administering large amounts of cellulose and lignin through hay that contained mainly stems or other highly indigestible feed material. Because the horse is a hindgut fermentor, this may prevent absorption in the stomach and small gut. Once in the large intestine, the detergent would be ionized and easily absorbed through the intestine wall. In order to treat the potential toxic effects at this stage, the environment of the intestine would need to be altered. Because the high volume of this detergent would create a highly alkaline environment in the intestine, perhaps the administration of acidic substances could balance the pH level of the intestine. A better procedure may be to give the horse a mineral treatment that would absorb the detergent and aid in its elimination. I actually found medications that were mixtures of minerals that absorb toxic substances in the intestine and form a smooth gel surface on the wall of the intestine. This seems like the ideal treatment because it removes the remaining detergent and protects the intestine from damage due to the high alkaline environment. I’d also expect that lining the intestinal wall would also prevent absorption of the detergent that was not absorbed by the minerals. Barring such a convenient treatment, I would flood the system with oil or other substance of high lipid content. This may counteract the ability of the detergent to be absorbed as well as prevent the caustic action on the lining of the gastrointestinal tract. A highly lipid substance would facilitate rapid movement through the intestine as well as tie up the detergent molecules.

