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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? 

 Food additives are regulated under the Food Additives Amendment to the Federal Food, Drug & Cosmetic (FD&C) Act of 1938, as administered by the Food & Drug Administration (FDA). This amendment requires FDA approval for the use of a new food additive (such as a preservative in baby food), with two exceptions: FDA or USDA-approved additives in use prior to the Amendment (1958), and substances Generally Recognized As Safe (GRAS) do not need to go through the petition process. (However, the FDA continues to monitor grandfathered and GRAS substances for safety.)

A manufacturer of this new preservative must first submit a petition to the FDA seeking approval. This petition must include information regarding the substances chemical and physical characteristics, the amount to be added to the food product, analytical detection limits in food, and data demonstrating that 1) the substance will produce the intended effect (i.e., preservation) and 2) that the substance is safe and will not cause harmful effects at the anticipated levels of consumption. 

Within the FDA, the Office of Food Additive Safety (OFAS) reviews the petition through a panel of experts in various fields (chemistry, health effects, environmental, etc.), which evaluates all chemical, toxicological and environmental data and establishes an estimated daily intake (EDI) and allowable daily intake (ADI) for the substance. The end result of this phase is a final safety evaluation of the substance, and a tentative conclusion regarding its safety.  Once final agency review is completed, the final regulation (Final Rule) is published in the Federal Register (Code of Federal Regulations).  The Rule will indicate the types of foods in which the substance can be used, the maximum amounts that may be used, and how the substance should be identified on food labels. After publication, the substance may then be used in production of the food product.  Although the time to Final Rule may vary for each substance depending on the size and complexity of the petition, the average time from submission of the petition until publication of the Final Rule is approximately 2 years. 

After introduction of the food additive, the FDA continues to monitor consumption of the additive as well as any association of adverse health effects (through the Adverse Reaction Monitoring System), as reported by consumers of the product or physicians.

The Food Additives Amendment includes a provision that prohibits the approval of an additive if it is found to cause cancer in either humans or animals (the Delaney Clause).  The FDA interprets this clause to mean that a substance must induce cancer through primary means to be prohibited, however. So, assuming that the bladder tumors caused by the preservative arise through a secondary mechanism (which is plausible in this case), and the safety evaluation results are positively received, our manufacturer of the tumor-inducing baby food preservative is in luck! (Not so, the guinea pigs.) Petition granted. 

References:  

C&D, Chapter 30

FDA websites: http://www.cfsan.fda.gov/~lrd/foodaddi.html
http://www.cfsan.fda.gov/~dms/opa-faq.html
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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? 

The apparent distribution volume (Vd) is the volume of fluid that an administered drug would occupy if it were evenly distributed through that volume at the concentration measured in the plasma.  In other words, Vd relates the total amount of a drug in the body to the concentration of the drug in the plasma, or 

Vd = Dose/concentration in plasma. (for a one-compartment model)

A large Vd means that the toxin is present in a high concentration in tissues, relative to the concentration in plasma; a small Vd indicates that a toxin is present in tissue at a low concentration relative to that of the plasma. Thus for a highly lipophilic toxin, such as a PCB congener, the tissue concentration will be very high, whereas the plasma concentration will be very low, resulting in a large Vd. As Vd is a hypothetical value, and doesn’t represent an actual, physical body space, the lipophilic toxicant could potentially have a Vd greater than the actual blood volume, or of the total body. For example, a 70 kg male with a plasma volume of 2 L  has a total plasma volume of 0.03 L/kg. For a highly lipophilic substance such as chloroquine, the Vd of 200 L/kg far exceeds the plasma volume.

The Vd reflects toxicant clearance from the plasma and distribution to the tissue. For a toxicant with a large Vd, clearance from the body would be relatively slow. But Vd doesn’t tell us about where a toxicant concentrates, so we cannot make any solid assumptions about the potential toxic effects. A large volume of distribution only indicates that the toxicant is either distributed widely or is bound up extensively in tissues, but does not tell us about where the toxicant is concentrated.  We could make the assumption that toxicants that exhibit a high Vd will not be readily cleared from the organism and will be bound up in tissue, and that toxicants with a low Vd are likely polar, ionized compounds that will be eliminated more readily from the organism.

Reference: C&D, Chapter 7
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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 two underlying assumptions in using animal toxicity data to assess human toxicity risks are that:

1) “..effects produced by a compound in laboratory animals, when properly qualified, are applicable to humans”; and that

2) “..exposure of experimental animals to toxic agents in high doses is a necessary and valid method of discovering possible hazards in humans.”  (C&D, page 26).

For many substances, toxic effects in humans are usually within a similar range as those reported in animal models, on a basis of dose/body surface.  Humans tend to be more sensitive than animals, however, in terms of dose/body weight.  Knowing this, we can apply safety factors to animal toxicity values to extrapolate to human health risks; additional modifying factors may also be added to the toxicity value to reflect the degree of confidence in the data.

However, animal models may not always adequately characterize actual health risks in humans.  A substance may have selective toxicity, where a toxicant produces adverse effects in one kind of organism, but not in another. There may be considerable differences in toxicant absorption, distribution, metabolism/transformation, and excretion among species, as a result of differences in their anatomy, physiology, and biochemistry.  For example, some organisms may use a specific enzyme system to metabolize a compound to a harmless metabolite, whereas other organisms may transform the same compound into a more toxic form.  Thus it is important to establish an animal model that accurately reflects similar physiological and biochemical processes present in humans. 

Even if two organisms have similarities in how they process toxicants, they may have differences in the magnitude of their response, especially for carcinogens.  For example, large doses of aflatoxin B1 may not produce cancer in a mouse, whereas cancer may be induced in the rat at very low doses. We also assume, for risk assessment purposes, that positive carcinogenicity in animals is indicative of potential carcinogenicity in humans (unless the known mechanism of action is not relevant in humans). However, there are many instances in which compounds are shown to be carcinogenic in animal models, but there is no evidence that they cause cancer in humans (the converse is likewise true).  Additionally, there is uncertainty in using dose-response information derived from a relatively homogeneous laboratory population to predict reactions in humans, whose sensitivity most likely varies considerably.

Since a small number of animals are used in testing (relative to the human population), the test dose often needs to be high enough in order to clearly identify adverse effects in the test population.  The problem with this is that you may not always see the same effects at low doses (e.g., saccharin and bladder tumors in rats-doesn’t occur at low doses as those encountered by humans). Furthermore, at extremely high doses, toxic effects may reflect the saturation of detoxification mechanisms. Extrapolation of dose-response information from effects observed at high doses to predict adverse effects at low levels anticipated for human exposure may potentially overestimate health risks. 

Although there are many uncertainties surrounding the use of animal models, animal laboratory data are currently the most advantageous and effective means of rapidly establishing potential toxicity of a substance. We need to be careful, however, in choosing the correct model when extrapolating to the human population.

--------------------------------------------------------------------------------

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. 

No, it wouldn’t be a wise idea. Azaleas and other species in the Rhododendron genus contain grayanotoxins, which can cause rhododendron intoxication in animals when ingested. Honey produced by bees that pollinate in areas with grayanotoxin-producing azaleas (not all species produce this compound) will contain the toxin. Symptoms of rhododendron intoxication (a.k.a. mad honey disease), which can occur minutes to several hours after exposure, include dizziness, increased salivation, weakness, nausea and vomiting, low blood pressure, irregular heart rhythm, and even coma. 

Grayanotoxins, which are tricyclic, hydroxylated hydrocarbons, interfere with cell ion homeostasis. The toxin binds to sodium channels in cell membranes, preventing the membrane sodium channel from deactivating. This allows uncontrolled entry of calcium into the cells and a subsequent increase in intracellular calcium; consequently, cells of the affected tissue will remain in a prolonged electrically-charged, depolarized state. Homeostatic imbalance results in both cardiovascular and neurological effects via the altered regulation of cellular activity.  Gastrointestinal upset is likely due to the toxicant’s direct irritation of the mucous membranes of the digestive tract.

Fortunately, mad honey disease is relatively rare, and the disease is rarely fatal, with symptoms typically resolving within 24 hours.

Sources:

http://www.cfsan.fda.gov/~mow/chap44.html (FDA’s bad bug book)

http://www.user.fast.net/~shenning/rhodytox.html
http://cal.nbc.upenn.edu/poison/plants/Lectnote/lectazal.htm
C&D, Chapters 18 and 27
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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? 

The horse has ingested an ionizable, alkaline detergent, which is presumably caustic. Caustic substances will directly damage the membranes of the gastrointestinal system by altering the cells’ ionized state and disrupting cellular membranes. Alkaline ingestions in particular will cause tissue injury by liquefactive necrosis, which is caused by saponification of fats and protein solubilization.  The hydroxide ion (OH-) of the base reacts with tissue collagen, causing cellular swelling. 

As tissue injury will occur within minutes of contact, I need to move quickly.  I would not want to induce vomiting (horses typically don’t, anyway), which could possibly cause further damage to the esophagus and mouth, as well as pose a risk of aspiration into the lungs.  I would want to forcefeed the horse something to moderate the alkalinity, such as a large volume of water.
Secondary to their alkalinity, detergents may also contain phosphates, silicates, and carbonates. Ingestion of these compounds, in addition to the large volume of water administered to counteract the alkalinity, could cause electrolyte imbalance, leading to a wide variety of cellular control dysfunction. So it might be important to administer necessary salts as a preventative measure. 

Following initial treatment, I would observe the horse over the next day or so to watch for signs of edema that could result in airway obstruction.  Following this, I would be wary of scar tissue formation within the throat over the subsequent weeks, which could potentially lead to stricture of the esophagus.

http://www.emedicine.com/emerg/byname/toxicity-caustic-ingestions.htm
http://www.usatoday.com/news/science/wonderquest/2001-05-02-horse-throw-up.htm
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