Toxicology Exam Portion Number 1

by Eric Faulkner

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? 

Reproductive toxicity is the examination of chemical substances and the adverse events they may cause on reproductive processes.  The first signs of toxicology testing on mammalian male reproductive systems occurred in the late 1970’s.  Infertility had been observed in male workers after exposure to the pesticide dibromochloropropane (DBCP).  After further examination it was reported that the toxicant DBCP had caused adverse effects on the reproduction that included the low sperm counts.  Thus, semen analysis, which had been an investigational tool for the infertility physician for many years, had become a means for investigating the potential for drugs and chemicals to affect male reproductive health (Perreault et al., 2001).


In spermatogenesis, the earliest male germ cells are called spermatogonia.  Spermatogonia are among the smallest cells in humans, where its length is about 50 μm or only about one-half the diameter of the ovum, the largest cell of the female (Klaassen, 2001).   Spermatogonia are dormant until adolescence where the cells begin to multiply rapidly.  Experiments using male species are less problematic than using females because of the advantages like sperm yield and ejaculation frequency versus oogenesis production.  In addition, ejaculation frequency does not affect the amount of sperm produced on a daily basis.  Semen can also be collected from a number of experimental and domestic animals using an artificial vagina or ejaculations induced by electrical and chemical methods as well (Klaassen, 2001).

The EPA, FDA, and other regulatory agencies have devised testing protocols and guidelines for identifying chemical substances that may cause an adverse reproductive event.  These reproductive toxicity guidelines are used by industries like: food, industrial chemical, and pharmaceutical.  As stated above, the endpoints for male reproduction include: 1) evaluations of testicular spermatid numbers and 2) sperm evaluation for motility, morphology, and sperm numbers.  These end points actually reflect the last means of chemical testing in somatic cells.  From the endpoint test results, risk assessments are made on the chemical in question to help in making regulatory decisions or to determine if additional reproductive testing is required (e.g. generation reproduction and teratology studies for germ lines).  The reproductive somatic cells present in males are Steroli cells, which are now recognized as playing an important role in the process of spermatogenesis (Klaassen, 2001).  Even though Steroli cells are crucial in the initial phase of the reproductive process for males, one can deduce that if an adverse event were to occur at the endpoint of spermatogenesis, it most likely would occur at the beginning phase as well.  Thus, a redundancy in spermatogenesis testing is eliminated by focusing on the endpoints only.

Reproductive testing for males should last at least 10 weeks to detect the adverse effects on spermatogenesis by a chemical test substance (Redbook, 2000) and the animal should be exposed to the toxicant for the entire length of the study.  As with regards to the type of toxicant insult not much information was found, however, the rat is the species of choice for sperm production toxicology studies because there presently is a large toxicology database for this species (Perreault et al., 2001).

The mechanisms in which these endpoints are monitored is by using a Computer Assisted Sperm Analysis (CASA).  This technique evaluates the movement of large numbers of spermatozoa in a fairly short period.  Microscopic images of spermatozoa are detected by video technology and a computer captures each video image, records the location of the sperm head in each video frame, and reconstructs the sperm path by connecting the images (Perreault et al., 2001).  However, one of the down falls in assessing whether a toxicant insult is responsible for a reduction in spermatogenesis is that other factors can also attribute to low sperm counts such as disease, age, and diet.  Nevertheless, CASA is the preferred method of choice for measuring spermatogenesis endpoints.
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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 assumptions in using animal testing data to assess human toxicity risks, is drawing upon data sets from a completely different organism and trying to make a distinct correlation between the two species.    


The adsorption, distribution, metabolism, and elimination of a toxicant (Toxicokinetics) can be significantly different within the same species as well as between species.  In addition, how the organism reacts mechanistically to the toxicant by cellular and molecular processes can also be significantly different within the same species as well as between species.  Individual differences in toxicant responses within species can result from genetic dissimilarities.  On the contrary, for species that are dissimilar, factors such as allometry scaling, metabolic rate, and diet, can also be a factor.  Because humans are larger, have a longer gestational period, and slower metabolic rate compared to laboratory animals, making risk assessments based on toxicant exposure site, duration, and dose can be somewhat subjective.  Nevertheless, smaller animals (e.g. mouse, rat, Guinea pig, rabbit) which posses shorter life-spans, gestational periods, and function at a higher metabolic rates are used to determine toxicity risk assessment correlations by evaluation toxicant insults to the animal’s blood, organs (e.g. liver and kidney), nervous system, immune system, endocrine system, reproduction system, etc..      

The ability of an organism to transform a toxicant where it could be potentially excreted before becoming an ultimate toxicant can also vary among species.  Furthermore, biotransforming enzymes can also modified the chemical substance into becoming an ultimate toxicant, which can also vary among species.

While species differentiation and the other factors listed above result in a hurdle for descriptive and regulatory toxicologist in devising a straightforward correlation between species, these assessments are indeed justified.  By using extrapolation methods and parallel approaches, regulatory bodies can determine if the known toxicant in laboratory animals could also be potentially toxic to humans as well.  An example of this is human cancer risk assessments, where extrapolation of laboratory animal data is made and used to infer human cancer risk, which is currently a key component for regulatory decisions (Klaassen, 2001).  However, correlations like these depend on the applicability of the experimental animal model to humans.  For example, a proven immunotoxicant in mice, one may not be able to infer that a similar toxicity result would occur in humans, unless rhesus monkeys (species with similar immune system to humans) were used.  In conclusion, the current tools used in making toxicity risk assessments are proven and the only way to determine if a chemical substance not toxic in animals, but toxic to humans, would be to monitor the affects long term.   
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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. 

Azaleas (Rhododendron occidentale) are aesthetically pleasing flowers, typically used in landscaping and gardening.  Some species of Rhododendron possess toxins in their foliage.  Toxins are considered compounds, present in nature, that are capable of causing deleterious effects when introduced to another organism.  In general, the taxa of Rhododendron are considered potentially poisonous (Poppenga, et al., 2002).  The primary toxin found in certain Rhododendrons is called grayanotoxins (previously known as andromedotoxin, acetylandromedol, and rhodotoxin).  Grayanotoxins are present in the leaves, flowers, and nectar of various Rhododendron species.

Grayanotoxins are water-soluble compounds that bind to voltage gated sodium channels.  Grayanotoxins act like an agonists, where they take the place of the natural substrate and cause nerve and muscle cells to be maintained in a state of depolarization.  This continual excitation allows calcium to freely enter the cell.  This disruption results in neuronal activations such as convulsions (Klaassen, 2001).

Because grayanotoxins can also be found in honey made from the plant nectar of some Rhododendrons, it has been given the nickname “mad honey”.   As little as 3 mL nectar/kg body weight may be toxic or lethal (Poppenga, et al, 2002).  In humans, symptoms of poisoning occur after a dose-dependent latent period of a few minutes to two or more hours (Jones, 1996).  Mild symptoms included salivation and vomiting.  On the contrary, serve intoxication includes loss of coordination and muscular fatigue.   

Nonetheless, not all rhododendrons produce grayanotoxins.  However, a number of toxic species are indigenous to the US, which includes the western Azalea, Rhododendron occidentale (CFSAN, 2001).  While the Azalea is prevalent in the western part of the US, grayanotoxins poisoning in humans is not particularly common.  Nevertheless, a honey lover such as myself would shy away from eating honey from the nectar collected by bees from the azalea flowers due to the associated risks listed above.  Honey made from these plants has been attributed to cause cardiac arrhythmias, emesis, mild paralysis and convulsions in humans (Poppenga, et al., 2002) as well as poisonings to livestock where plant leaves were consumed (Klaassen, 2001).  In addition to the harmful effects to mammalian species, it is also believed that the nectar from the western wild azalea, may be toxic to the bees themselves, causing occasional unexplained loss of field bees in the areas they can be found blooming (Jones, 1996).  In conclusion, the sweet taste of mad honey can cause intoxication.
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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? 

Before toxicant A [1-(2',5'-dihydroxyphenyl)-buta-2,3-ene-4-ol] can be metabolized, it first must some how be introduced to an organism.  For example, exposure sites for mammalian species include the skin, gastrinointestinal tract (GI), respiratory tract, blood stream (via an injection or insect bite), or clearance through the placenta.  

Upon exposure of [1-(2',5'-dihydroxyphenyl)-buta-2,3-ene-4-ol] (e.g. through  the skin) the toxicant will migrate into the systemic circulation.  While certain characteristics can affect the absorption and the rate of exposure, such as skin thickness, etc., this toxicant’s physiochemical properties are more representative of a water-soluble molecule that lipid-soluble.  Therefore, absorption via this exposure site might not be feasible.  Nevertheless, if absorption occurred via another exposure route and if a toxicant was distributed to the target site, a cascade of events would soon follow.  First, the toxicant could potentially be eliminated from the body by excretion.  The two major organs involved in excretion of a toxicant are the liver and the kidney.  

Toxicants that are hydrophilic in nature are soluble in the urine and/or feces and will be removed from the body fairly easily.  On the contrary, if a toxicant where lipid-soluble, it would be reabsorbed.  Toxicants can also undergo a chemical modification where they can be further metabolized and excreted from the body.  This process, called biotransformation, is dependent on biotransforming enzymes, which are divided into two groups, phase I and phase II.  Phase I enzymes are involved in hydrolysis, reduction, and oxidation reactions.  Phase II reactions include glucuronidation, sulfonation, acetylation, methylation, conjugation, and conjugation with amino acids (Klaassen, 2001).
In the case of [1-(2',5'-dihydroxyphenyl)-buta-2,3-ene-4-ol], the main constituent is dihydroxyphenyl (Figure 1).  The aromatic ring contains an electron deficient atom along with two OH groups.  Therefore, it is highly favorable that this toxicant could be further metabolized and form additional intermediates.

An ultimate toxicant is considered the chemical species that reacts with the endogenous target molecule, being either a receptor, enzyme, DNA, microfilamental protein, or lipid where changes occur altering the target molecule’s structure and/or biological function (Klaassen, 2001).  An ultimate toxicant can either be the parent compound such as [1-(2',5'-dihydroxyphenyl)-buta-2,3-ene-4-ol] itself or a biotransformed end product of the parent compound.  Some possible by products for [1-(2',5'-dihydroxyphenyl)-buta-2,3-ene-4-ol] could be a benzoic acid like intermediate (Figure 2) or butenediol like intermediate (Figure 3).  It appears that the main constituent has a carbon that is electron deficient (electrophile) that can react with oxygen, most lieky increasing the polarity of this molecule and the possibility of binding covalently to other proteins.    
Figure 1:


  Figure 2:                                    Figure 3:
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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? 

I have just received an anonymous phone call that the 2003 Kentucky Derby winner Funny Cide who had ingested a large volume of a concentrated, ionizable, alkaline detergent with his victory meal.  I arrive at the seen with my trusty veterinarian bag and enter the stable.  First, I made a visual assessment of the horse’s condition.  I had observed that Funny Cide was woozy and appeared to be uncoordinated.

My first instinct was that the detergent could have been antifreeze.  I opened up my veterinarian bag and removed my Wood’s lamp (fluorescent light).  Because antifreeze contains fluorescent dyes, I was able to determine that the detergent was indeed antifreeze.  After shining my Wood’s lamp on Funny Cide’s muzzle, tail, and hoofs, the hair around the muzzle was glowing, proving that the test was positive.

   
From my training as a veterinarian, I remembered that horses are herbivores and are hindgut fermenters.  The stomach of the horse contains about 10% of the capacity of the intestinal tract compared to about 70% for ruminants, meaning that the horse's stomach has only 14% the capacity for feed and cannot handle large amounts of feed at one time (Merrick, 2003).  Thus, a horse needs to eat frequently because excesses gas due to an empty stomach could cause the stomach to burst, which ultimately leads to death.  Upon consumption of feed, the digestive enzyme process for hindgut fermenters takes place in the hingut.  Hindgut fermenters like horses also depend on the production of volatile fatty acids (VFA) by bacteria to produce energy.  

In the next stall, the owner had found an empty bottle of antifreeze.  After reading the list of ingredients, this particular older brand was composed of ethylene glycol.  Following ingestion of ethylene glycol, neurological symptoms and severe metabolic acidosis due to the formation of toxic aldehydes and acid metabolites occurs (Klaassen).  Most accidental poisonings of ethylene glycol are the result of biotransformation of the toxicant being oxidized by enzyme reactions producing oxalic acid. 

It appeared that the poisoning was fairly recent, so my first inclination was to induce Funny Cide into vomiting.  However, in my training, I remembered that horses possess a band of muscle around the esophagus.  This one-way value is similar to humans in that food is able to reach the stomach freely, however, the passage for food returning back through the esophagus is blocked off.  While human have the ability to regurgitate, horses do not.   Horses almost physically can't because of the power of the cut-off valve muscle and because the esophagus meets the stomach at an angle, which enhances the cut-off function when the horse's stomach is bloated with food or gas (Holladay, 2001).
To combat the poisoning one can administer an alcohol infusion.  Because ethylene glycol acts as a competitive inhibit to the natural enzyme alcohol dehydrogenase (ADH), the addition of alcohol would increase the ADH levels.  Therefore, toxic oxalic acid will no longer be formed with the unreacted ethylene glycol that is eventually excreted from the body (Patrick, 2001).    

Typically alcohol sources like hydrogen peroxide can be added to the back of the throat.  I had mixed a large amount of hydrogen peroxide in Funny Cide’s feed and inserted the concoction into his mouth.  Other materials such as Ipecac syrup and charcoal can also be used.  In the end Funny Cide lived and a former jealous jockey was arrested for this heinous act.
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