Take Home Questions

Question 1:  (10 pts) 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 per day implies total capacity of stem cell pool size, hormonal adequacy of support, and integrity of the spermatogenic pathway.  The quality implies integrity of meiosis and development post-meiosis; it also suggests adequacy of hormonal support for spermiogenesis.  If numbers drop, it may imply interferences with hormones or the cellular developmental pathway.   If quality drops, it may imply genetic disruption of meiosis or a cellular developmental impact.

Question 2:  (10 pts) 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?

A new synthetic chemical added to food cannot be grandfathered as a GRAS substance.  If it shows any potential for carcinogenesis in any species it normally falls under the Delaney clause and must be fully tested toxicologically.  After determination of a daily intake level and a concern level (from structure activity relationships, exposed population, initial toxicity studies), a decision would be made on how much testing would be needed.  Given the exposure of infants, such testing would include the full list of acute and long term tests given for any new chemical proposed to be used on or in humans: acute toxicity in at least one rodent and one non-rodent; chronic toxicity in at least one rodent and one non-rodent; and full toxicokinetics and metabolism studies.   It would also be subjected to reproductive and developmental toxicity testing in a rodent, in the rabbit, and probably in the dog.  The rodent and rabbit testing would go through at least three generations -- parental, F1, and F2.  (This is not a drug, however, and does not go through Phase I, II, III, and IV testing.)  The process would require 3-7 years.  Minimal tumor formation in a specific tissue, especially the bladder, within one species when not found in other species tested would probably be discounted as a metabolic peculiarity of that species.  It would not necessarily require the material to be banned under the Delaney clause.

Question 3:  (10 pts) 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?

Apparent distribution volume is a mathematical concept based on measurement of toxicant concentration in serum at varying times after exposure divided into the total dose applied.  If the toxicant is metabolized or sequestered within the body, the concentration in serum will fall and the apparent distribution volume will increase.  If the toxicant is tightly bound in fat or bone, e.g., DDT in fat or strontium in bone, the apparent distribution volume may easily exceed the total volume of blood or the volume of the entire body.  If the high distribution volume is due to rapid clearance, the implication is that toxicity may be diminished.  If, on the other hand, the large distribution volume is due to sequestration, clearance time will be greatly increased and attempts to eliminate it will be impaired.  Toxicity, however, may also be diminished at sites other than the sequestration site because the biologically available concentration is low outside the sequestration site. 

Question 4:  (10 pts) What are the assumptions underlying the use of animal testing in assessment of possible human toxicity risks? Are they justified?

The assumptions are that the toxicokinetics and metabolic pathways are similar in the test animals and in humans, that the toxicant responses are likewise similar, and that the repair processes in the test animals and humans are also similar.  While these are broadly justified, there are many examples of violations of each of these assumptions.  Physiologic variations in digestive tracts, hepatic Phase I and Phase II enzymes, and cellular toxicant responses were among the items discussed during the term.  The existence of so many empirical adjustment factors in risk assessment protocols is a testament to the frequent occurrence of violations of these basic assumptions.

Question 5:  (10 pts) Would you eat honey made by bees from azalea flowers? Why or why not? Explain the specific reasoning behind your answer.

Virtually everyone got this one.  Azaleas contain toxins that can be transmitted to honey.  Even if the honey is pasturized it is probably unwise to use it as the chemicals are not proteinaceous.  The toxins are sodium channel blockers and cause lots of nasty effects.  So be careful if you buy wild honey in spring in New England or in the Pacific Northwest where rhododendron and azalea species are common.

Question 6:  (10 pts) 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?

This compound contains a chemical grouping equivalent to quinone (2',5'-dihdroxyphenyl- = 1,4 - dihydroquinone) and another equivalent to acrolein (buta-2,3-ene-4-ol = acrolein).  Metabolism would begin by describing paths starting with quinone or acrolein and including later steps that acted on acrolein and quinone, respectively.  Phase I and II enzymes are involved, so these would be noted.  Acrolein is activated to form an active nucleophile that can modify either DNA or proteins and quinone can directly interact with such macromolecules, these would need to be noted.  The endproducts would include conjugates normally found for quinones and acrolein.

Question 7:  (10 pts)  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?

A horse is a hindgut fermenter with an acid forestomach.  Consumption of an alkali neutralizes the stomach and makes the detergent more readily absorbed (neutralization).   Therefore you will want to dilute the stomach contents and get them removed from the system if possible.  Since a horse cannot vomit due to it's esophageal sphincter, the animal would be intubated if possible.  A charcoal suspension in water or very dilute vinegar could be flushed into and out of the stomach to help remove the detergent.   Allowing passage through the gut may disrupt the hindgut flora and cause secondary problems.  However, it may be easier than trying to do an intubation if the animal cannot be readily sedated.  Treatment of secondary symptoms such as alkylosis and watching and waiting are probably the only additional options for treatment.  Note that akaline detergents do not include neutral molecules such as alcohols like ethylene or propylene glycol, major components of antifreeze.  Damage due to alkali burns in the esophagus are problematic and again require quick dilution and neutralization of the ingested material.  

