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Toxicology, 5-12-03

TAKE HOME FINAL 

Question 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?

Semen analyses provide a useful profile of the function of the male reproductive system in terms of toxicology. Toxicants can affect the male reproductive system at one of several sites or at multiple sites. These sites include the neuroendocrine system, the testes, accessory sex glands, and sexual function. Damages to these sites by toxicants can result in altered spermatozoa numbers. This is why semen evaluation serves as a good biomarker. (Casarett and Doull pp.676-684 go into thorough detail about the gonads, the accessory organs, and developmental processes involved.)

Specifically, in our case, toxicants can adversely affect germ cell development at many different stages from proliferating spermatogonia to mature spermatozoa. Sperm count, sperm motility, sperm morphology, and sperm head morphometry all provide indices of the integrity of spermatogenesis and spermiogenesis. Timing of toxicant insult can be somewhat assessed. The number of sperm in the ejaculate is directly correlated with the number of germ cells per gram of testis, while abnormal morphology is probably a result of abnormal spermiogenesis. Azoospermia is probably the most severe observation as it is often an indication that type A spermatogonia have been lost and recovery is unlikely. Type A spermatogonia generates other spermatogonia, while type B becomes mature sperm.

Unfortunately, it is difficult to assess the mechanism of the toxicant’s damage and attack site because numerous agents that affect different stages in spermatogenesis can have the same results. For example, exposure to DBCP reduced sperm concentration in ejaculates. Testicular biopsy revealed that the target of DBCP was the spermatogonia. (DBCP has been implicated in affecting Sertoli cells which aid in the process of spermatogenesis.) Exposure to sex steroids such as estrogen can also cause a decrease in sperm count, but it does so by exerts negative biofeedback on FSH secretion. Lastly, apoptosis may be the line of attack in some toxicants—affecting germ cells or Sertoli cells. Therefore, these toxicants would decrease sperm count as well. 

The timing, as we saw above for sperm count, can be somewhat predicted. Effects on the testis usually result in altered sperm count. Alternatively, a toxicant or its metabolite may act directly on accessory sex glands to alter the quality or quantity of their secretions. These altered secretions can affect sperm morphology and motility. Ethylene dibromide is one example of a toxicant that exerts post-testicular effects. Short-term exposure to a toxicant can reduce sperm velocity and semen volume. Chronic exposure can decrease sperm motility and viability, decreased seminal fructose levels, and increased semen pH.

To continue looking at the effects of toxicants on post-testicular processes (still predicting timing) involves looking at the seminal plasma. Seminal plasma serves as a vehicle for sperm transport, a buffer from the hostile acidic vaginal environment, and an initial energy source for the sperm. The viability and motility of spermatozoa in seminal plasma is typically a reflection of seminal plasma quality. Alterations in sperm viability or alterations in sperm motility parameters would suggest an effect on the accessory sex glands producing seminal plasma. 

Chemicals that are secreted primarily by each of the glands of this system are typically selected to serve as a marker for each respective gland. For example, the epididymis is represented by glycerylphosphorylcholine (GPC), the seminal vesicles by fructose, and the prostate gland by zinc. Toxicants that affect measurements of these secretory agents can therefore be assessed. Measuring semen pH and osmolality provide additional general information on the nature of seminal plasma. 

Seminal plasma may also be analyzed for the presence of a certain type of toxicant or its metabolite. Heavy metals have been detected in seminal plasma using atomic absorption spectrophotometry, while halogenated hydrocarbons have been measured in seminal fluid by gas chromatography. 

Understanding how chemicals affect the reproductive system of males is still somewhat primitive. Determining timing of a toxicant, and the type of toxicant can somewhat be assessed, but looking at the mechanisms of a toxicant via sperm count is a more difficult approach.

Below are some reproductive toxicants that can affect semen counts, motility, and morphology:

	Exposure
	Possible Effects

	Heat
	Low sperm count, motility, morphology

	Ionizing Radiation
	Azoospermia

	Nonionizing radiation
Microwaves
Electromagnetic fields
	 
Low sperm count and motility(temporary)
Low sperm count and motility

	Metals 
Lead ,Mercury, Cadmium, Boron
	 
Sperm morphology, count, motility, semen volume
 

	Estrogens
Synthetic (Diethylstilbestrol)
Dietary( lignans, mycoestrogens , phytoestrogens )
	 Hormone levels
Gynecomastia, libido, impotence
Low sperm count

	Pesticides
Dibromochlorpropane , Ethylene dibromide, Chlordecone
	 Sperm morphology, count, motility
Hormonal imbalance

	Solvents 
Carbon disulfide, Glycol ethers 
	 Sperm morphology, count, impotence
Hormonal imbalance


Adapted from: http://www.uhmc.sunysb.edu/urology/male_infertility/Environmental_and_Occupational_Hazards.html
Question 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?

In its broadest sense, a food additive includes any substance that is added to food that is used in the production, processing, treatment, packaging, transportation or storage of that food. 

New food additives, similarly to new dietary supplements, require FDA approval for their use prior to inclusion in food. It also requires the manufacturer to prove an additive's safety for the ways it will be used. The Food Additives Amendment exempted two groups of substances from the food additive regulation process. All substances that FDA or the U.S. Department of Agriculture (USDA) had determined were safe for use in specific food prior to the 1958 amendment were designated as prior-sanctioned substances. GRAS substances are also exempt from the food additive regulation process. GRAS substances are those whose use is generally recognized by experts as safe, based on their extensive history of use in food before 1958 or based on published scientific evidence (i.e. salt, sugar).

Both the Food Additives and Color Additives Amendments include a provision which prohibits the approval of an additive if it is found to cause cancer in humans or animals. This clause is often referred to as the Delaney Clause, named for its Congressional sponsor, Rep. James Delaney (D-N.Y.). Therefore, if a preservative demonstrates some small excess of bladder tumor formation in guinea pigs, it will not be approved. (Question 4 also addresses this sort of “precautionary act”.)

To market a new food or color additive (the steps are similar to the ones described in a previous discussion question about FDA clearance of dietary supplements—well, the new ones):

a) a manufacturer must first petition FDA for its approval (the petition must provide evidence that the additive performs as intended—large dose animal studies are usually necessary to demonstrate its positive and negative (or lack there of ) effects.

b) Studies of the additive in human clinical trials MAY be submitted, but are not required. 

c) FDA considers approval based on: amount to be consumed, properties of the additive, and safety factors.

d) If  approved, the FDA issues regulations that include maximum amounts to be used, and in what foods the additive is allowed. 

e) FDA operates an Adverse Reaction Monitoring System (ARMS) to help serve as an ongoing safety check of all additives. It monitors complaints that are believed to be related to the additive. 

f) FDA receives 100 new food and color additives petitions annually; approvals can take up to a year, but usually take around 6 months. 

Today, baby foods rarely contain preservatives. Sterilization during the manufacturing process contributes to their long shelf life. In most lines of baby food, refined sugar is added only to custards and puddings. Concerns about adverse reactions motivated manufacturers to limit the amount of these substances added to their products.

In general, the FDA also regulates the labeling of all baby foods with the exception of strained meats, which come under the jurisdiction of U.S. Department of Agriculture. The FDA requires labeling on baby food to be more complete than that of the other foods so that parents may be well-informed. Labeling includes information about spices, flavoring, and coloring. It must also specify the plant or animal source of an ingredient.

Interestingly, as a side note, the law does not require that the FDA approve infant formulas but instead requires companies to provide certain information to FDA before they market new infant formulas. Manufacturers must provide assurances that they are following good manufacturing practices and quality control procedures. Manufactures must analyze each batch of formula to check nutrient levels and make safety checks. They must then test samples to make sure the product remains in good condition while it is on the market shelf.  Hmm….makes you wonder….

All of the above information can be found at:  http://www.fda.gov
Question 4: What are the assumptions underlying the use of animal testing in assessment of possible human toxicity risks? Are they justified?

The principal aims of toxicity studies are to detect a relevant chemical hazard, and also to understand the biological basis and mechanism for the toxic effect and the dose-response relationship. The main aims of risk assessment are to assess the relevance of the biodata from toxicity studies and use it to derive either a safe level of exposure for humans or to estimate the possible risk associated with a particular level of exposure.

Since test tubes and tissue culture can only take you so far experimentally, screening in mammals, like rodents, can provide a relatively rapid and cost-efficient assessment for toxic impairments in animals. The assumption is that animal screens were designed to provide an assessment comparable to that used for humans-- to demonstrate the range of signs and symptoms reported by humans. While there are many similarities, generally speaking, among mammals with respect to their response to drugs or chemicals, there are some important differences, especially when it comes to pharmacokinetics and biotransformation of a toxicant. Even though the assumptions are justified from the numerous animal model successful correlations (i.e. the azalea “mad honey” PubMed reference below), we must be careful in drawing conclusions about implications for humans from animal studies. Ultimately, tests on human subjects need to be performed in order to obtain definitive results. 
These types of extrapolation models (from animal to human) need to take the following three aspects into account:

a) dose normalization or scaling to allow for the differences in physical   characteristics (i.e. body size, body weight, body surface area, and caloric requirement). For both threshold and non-threshold effects extrapolation for species differences may be achieved by correcting the exposure on body weight and/or surface area. 

b) the toxicokinetics of the compound, especially any metabolic bioactivation processes and differences in first-pass metabolism. 

c) the nature and sensitivity of the target for toxicity.

d) medium to medium differences (if the toxic compound is administered to animals in one medium (e.g., water) but exposure to humans is via a different medium but the same route)

e) reproducibility of experimental data

AND, within each of these different types of factors, sometimes limitations must be remembered. For example, body weight is the most widely used normalizing factor in inter-species comparisons since it is easy to measure reliably and repeatedly. Numerous biological parameters, such as liver weight, water intake, creatine clearance, and nitrogen output can be expressed as functions of body weight. Hindrances: Some physiological processes such as renal and cardiac function are not directly proportional to body weight and toxic effects influenced by these physiological processes may not be directly proportional to body weight. Absorption, plasma protein binding, biliary excretion, and intestinal flora which can influence toxic effects are also independent of body weight.

The use of animal models and bioassays will continue to be a key component of the hazard identification process. As Casarett and Doull remind us, if a substance causes a carcinogenic risk in animals, it could be a risk in humans as well— “the precautionary principle”.

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

A poisonous plant is one that contains a chemical substance which produces a harmful reaction in the body of humans or animals when taken in small or moderate amounts (keeping in mind that there is a range of tolerance among individuals to the toxins). A harmful reaction could include allergic reactions, dermatitis or skin irritation, or internal poisoning (excluding allergic reactions). 

Azaleas are a common type of poisonous plant:

	PLANT
	Toxic Agent 
Type of Poisoning
	Poisonous Part
	Symptoms

	Azalea 
(Rhododendron occidentale)
	Andromedotoxin, arbutin glucoside 
Internal poisoning
	All parts
	Nausea, salivation, vomiting, weakness, dizziness, difficulty in breathing, loss of balance. 100 to 225 grams of azalea leaves must be eaten to seriously poison a 55 lb (25 kg) child.

	Calla Lily 
(Zantedeschia aethiopica)
	Calcium oxalate 
Internal poisoning
	Leaves and rhizome
	Ingestion can cause burning and swelling of the mouth and throat. Vomiting.

	Tulip 
(Tulipa spp.)
	Tulipene
	Bulb
	Vomiting, diarrhea.


Adapted from: http://www.agric.gov
The reason why I listed calla lilies and tulips is because it is important to remember that some plants that are categorized as poisonous have specific parts that are poisonous; however, every part of the azalea is poisonous including the nectar from the flower.

Therefore, in the case of azaleas, no I would not eat the honey made by bees from the poisonous plant.

Habitat and Description
There are at least 250 species of rhododendrons found mostly in the acidic soils of western and eastern North America with a wide variety in color, types of leaves, and height of shrubs and trees. 

Principal Toxin
All parts of the plant including the nectar contain grayanotoxins. Grayanotoxins include andromedotoxin, deacetylandromedol, and deacetylanhydroandromedol. They are water-soluble diterpenoid compounds. Grayanotoxins act by binding to cell membranes, thereby affecting sodium channels and causing prolonged depolarization of cells. The primary effects are on the heart, nervous system, and gastrointestinal tract. As little as 0.2 percent of an animal's body weight of green leaves can cause poisoning. Cattle, sheep, and goats are more commonly poisoned by rhododendrons. A glycoside, arbutin, present in the plants may also contribute to toxicity.

Clinical Signs in Animals & Humans
Animals poisoned by rhododendrons initially have clinical signs of digestive disturbances characterized by anorexia, excessive salivation, vomiting, colic, and frequent defecation. In severe cases, muscle weakness, bradycardia, cardiac arrhythmia, and paralysis -even death- may result. Depression, vomiting, slow erratic heart rate, painful neck, and weakness are reported in people who have consumed "mad honey" made by bees feeding on rhododendrons or who have consumed tea made from the leaves of rhododendrons.

Below the Onat et al. reference demonstrates two cases of honey intoxication where both patients experienced severe bradycardia and hypotension after ingestion of honey from Trabzon, Turkey.  Anesthetized rats were also injected IP doses of toxic honey extract. Dose-dependent hypotenstion and bradycardia were observed (supports animal testing, huh?). Lampe (1988) demonstrates that two tablespoonfuls could result in the severe cases above.

Onat F, Yegen BC, Lawrence R, et al. Site of action of grayanotoxins in mad honey in rats. J Appl Toxicol, 1991; 11:119-201.  
 
Lampe KF. Rhododendrons, mountain laurel, and mad honey. JAMA, 1988; 259:2009.

Question 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 a 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?

Detergents can be "cationic," "anionic," or "non- ionic" detergents. Therefore, ionizable, alkaline detergents can be cationic or anionic. In general, animals have similar responses (below are the specifics for horses). Cationic detergents, like ammonium, are the most toxic when taken internally. Symptoms from ingestion (depending on dose) include nausea, vomiting, shock, convulsions, CNS depression, and coma as quickly as one to four hours after ingestion, due to rapid absorption. By themselves, anionic detergents have low toxicity causing mild, local irritation of skin and eyes. But the addition of "builders" to anionic detergents is common and makes anionic detergents more alkaline and caustic. Asthma, irritation of mucous membranes, oral and esophageal burns are common with the more alkaline anionic detergents. (Note: non-ionic detergents have low toxicity.) 

Below, I will include both types of ionizing detergents keeping in mind that the extreme situations (independent of dose) will most likely be associated with the more toxic cationic detergents.

Ingestion

Usually, if a horse has ingested a poison, the veterinarian would induce vomiting. Except in the cases when alkalines are involved because there is a high likelihood that the substance is corrosive. Instead of inducing vomiting, giving water or milk to dilute poison is the best approach. You could also give a mild acid--vinegar, lemon, lime or even orange juice. Finishing the treatment with edible oil or egg whites is sometimes performed. 

These are common symptoms of ingesting alkaline detergents (the more severe symptoms are usually associated with cationic agents):

· Loss of interest in their food 

· May become lethargic 

· They may drool an unnatural amount 

· Have trouble walking 

· Ultimately they will go into convulsions 

· Depression, unaccountable excitability, diarrhea and shock are also symptoms. 

You can tell an animal is going into shock by pressing the animal's gum with your finger. The pink will turn grayish white-- it usually means the onset of shock. Under these conditions, do not give anything by mouth, and start artificial respiration.

Eye Exposure









     Mild eye exposure may have occurred. Irrigate eyes with water instantly and if necessary (since the facility is well-equipped), irrigate with sterile saline. 




 

Dermal Exposure                                                            



           It is possible that during ingestion, the facial skin and hair was exposed to the detergent. Therefore it is important to wash the horse’s coat and mane to assure that the detergent does not seep further into the skin limiting dermal necrosis, and so the horse could not lick the detergent off.

Inhalation Exposure







           Maintain oxygenation and ventilation. 

For human exposure to toxicants, like alkaline detergents, information is readily available on the ToxNet site on what occurs in all cases of exposure (clinical effects) and how to treat all forms of exposure (treatment overview). I looked up disodium lauriminodipropionate (cationic detergent) and dodecyl sulfate (anionic detergent) to see their effects in humans, and most of the clinical symptoms were the same as the horse. (Once again, makes you think about the successful correlations that can be adapted from animal models….also, makes you wonder about comparative gut physiology.)  :0) 

