Dina Katz

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 produced per day reflects not only the working of testis and other organs of the reproductive system, but also the general health and nutrition of the individual. If the individual suffers from malnutrition, for example, his sperm count may be reduced even if the reproductive system is in perfect working order, ie, there are no genetic or functional abnormalities associated with his sperm production. If the individual then receives proper nutrition, his sperm count will increase to full potential. Also, sperm counts are somewhat dependent on time since last ejaculation. Infrequent ejaculations will likely contain more sperm than frequent ones, since the testes will have more time to produce the sperm. Thus, the number of spermatozoa produced per day can only be measured accurately after several daily ejaculations, ensuring there is no additional “reserve” added to the daily production. 

Quality of spermatozoa is a separate issue. Typically, about 60% of sperm in the ejaculate are normally formed. However, many extremely malformed specimens may have already been “weeded out” prior to ejaculation. Thus, semen analysis will not give a clear picture of early spermatogenesis. If a higher-than-normal percentage of initially formed sperm are malformed and apoptotic or removed by other repair mechanisms, then the ratio of healthy to malformed sperm in the ejaculate my not show this up. In fact, a low sperm count may be the symptom of this problem seen in the SA.

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?

Food manufacturers must submit a petition for FDA approval of all new preservatives and known preservatives used in a different way or amount. Manufacturers must submit studies showing three things:


-probable amount of preservative consumed with the food, and also amounts of substances formed in the food as a result of the addition of the preservative.


-cumulative effect of the above in the diet


-toxicity and cancerogenicity of above when ingested by humans or animals

(http://www.cfsan.fda.gov/~dms/fdpreser.html)

The first step is probably not very lengthy, but the second (chronic toxicity studies) and third (at least 3 generations of subjects to include testing for reproductive toxicity) should take at least several months, depending on species used, and possibly a few years.

The submitted petition would address the above points and contain an environmental assessment as well. After filing, it may take up to two years for the petition to be reviewed and granted. (http://www.cfsan.fda.gov/~dms/opa-faq.html)

Guinea pigs are not a very good model with regard to bladder tumors, as they are prone to bladder stones which do not respond to acidifiers – only surgery can remove them. The stones often cause infections, which may exacerbate toxic effects of other substances on the bladder.

http://www.exoticpetvet.net/smanimal/smdiseases.html

If no other species showed an increase in bladder tumors, I would not consider these results a complication.

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?

A toxicant may appear not only in the circulating blood supply but also in the lymph and interstitial fluids as well, not to mention in intracellular fluid. Thus, it would not be surprising to see a distribution volume figure greater than total blood volume. Some toxicants may also be sequestered in lipid storage and by being bound to proteins, which would allow a greater amount of toxicant to be taken up, even exceeding total body volume.

This very large distribution volume would increase the difficulty and decrease the speed of clearance, since as circulating toxicant is cleared, more would be released to maintain equilibrium between bound toxicant and toxicant in solution. If the toxicant is bound strongly, as would be likely for a toxicant with an apparently high distribution volume, its release would be very slow. If it is a potent toxicant, with even small amounts having adverse effects, there exists a potentially chronic toxicological insult to the organism, a drawn-out release of small yet damaging quantities. The strong bond will also resist general methods of speeding up clearance such as consuming large volumes of water or milk. It would take a targeted medical intervention to increase the clearance rate; the properties of the toxicant in the body would have to be well-documented.

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

The major assumption underlying the use of animal models in toxicity testing is that the animal species being tested responds similarly to the toxicant in question as does a human. While this is true for the most part between closely related groups such as mammals, species-specific selective toxicity is not uncommon – a difference in a single enzyme can make a huge difference in detoxification and clearance of a substance between two species. Therefore, no single species’ reaction is enough to assume correct transfer of toxicity data to another species. Witness the saccharin causing cancer in rats scare – a faulty conclusion since it only depended on one species’ reaction (and that at extremely high doses not replicable via normal human behavior).

Another aspect of using animal models is the difference in size. Dosages must be scaled when testing in most lab species is then extrapolated to humans. An assumption is then made that the dose-body weight ratio can adequately assure a safe dose. However, differences in biotransformation pathways, diet (for example, more insoluble fiber available to adhere the toxicant), and possibly even behavior (for example high metabolism causing thirst and thus more liquid intake) can cause differences in LOAEL and LD figures.

An assumption is also made that the experimental population is not selected for a predisposition to adverse effects of the toxicant under study.  (Unless one is experimenting for purposes other than establishing toxicity norms.) For example, male F344 rats have a close to 100% chance of developing testicular interstitial cell adenomas. Testicular problems developed by these rats as a result of toxicity testing would be suspect. 

Finally, the assumption is made that human behavior and environment do not in some way exacerbate effects of a toxin beyond species-specific biological differences. Uranium miners, for example, are much more prone to mutagen effects than would be suggested based on a scaled dosage from a laboratory species living in a controlled, sterile environment, because of the miners’ chronic exposure to radiation doses from their work environment.

To summarize, the assumptions above are justified as long as precautionary measures are taken to avoid the mentioned complications.

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

The answer to this question depends on the exact meaning of the question. If the honey was made purely from azalea (a rhododendron) flowers and was unprocessed in any way, I would probably respectfully decline, unless I was extremely starving or needed to raise my blood sugar fast no matter what. Azalea plants and honey from its flowers contain grayanotoxins, which cause “Mad Honey Disease.” Its main symptoms, which develop very quickly after consumption, are dizziness, weakness, excessive perspiration, nausea and vomiting for about 24 hours; the disease is rarely fatal, though obviously unpleasant for a short period. Incidentally, the current trend for eating unprocessed foods from local vendors increases the probability of contracting Mad Honey Disease in our area. The Eastern US region is known for a large amount of wild rhododendron growth, but can one rely on organic beekeepers knowing about where to place the hives? Pasteurized honey would probably not be as toxic, sin!

 ce the grayanotoxins, cyclic hydrocarbons, would be somewhat denatured by the temperature changes.

(http://www.user.fast.net/~shenning/rhodytox.html#anchor721614)  

0.2% of leaves by weight should be enough to cause grayanotoxicity. This would explain why my mother-in-law planted rhododendrons to ward of deer munching on her garden, as was suggested by gardening websites. However, the rhododendron failed at its task miserably, much to her dismay, and I now understand why – she only planted one bush. A single 400 pound deer would need to eat about 13 ounces of leaves – probably more than the whole plant had. The dose makes the poison!

(This message is associated with Mammalian Toxicology)

