Michael George

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 volume of distribution (Vd) is defined as the total volume of body fluids in which a toxicant is distributed and is expressed in liters.  If the Vd is high, that that could mean that the toxicant is distributed in the plasma fluid only.  If the Vd is low, than that means that the toxicant distributed to blood plasma, interstitial fluid, and intercellular fluid.  Binding of the toxicant to albumin and other plasma binding proteins also lowers Vd.  Vd is used to determine how evenly distributed the toxicant is in the body.  Vd is variable by toxicants that may undergo biotransformation, rapid storage, and elimination or absorption.  Vd is calculated with the following formula:

Vd=Dose (mg)/ plasma concentration (mg/L)

A toxicant having an apparent distribution volume larger than the volume of the circulating blood supply can occur.  The Vd does not correspond to any physiological value, meaning it is influenced by tissue and binding constituents.  So that means that the volume can be very high, higher than the circulating blood, it would just mean that the toxicant is distributed to many tissues and to many binding proteins.  For example, Quinacrane has a Vd of 50,000 liters since it distributes to many tissues and binding proteins.  The volume of blood for an average adult human is around 4-5 liters.  This also explains how a toxicant can have a larger volume of distribution than the volume of the total body.  

Vd relates to how the body removes the toxicant, called body burden.  Body Burden can be defined with the following equation.

Body burden=plasma concentration x Vd

Clearance is the ability of the body to remove the toxicant from the body or rate of elimination of a toxicant.  

A very large Vd would mean that the body burden would be very high also.  This would mean that the body would have a difficult time clearing the toxicant from the system.   Or that the toxicant cannot be cleared from the body since its Vd is so high indicating it is very distributed throughout the tissues.  A large Vd would make it harder for the toxicant to be cleared or eliminated from the organism.

Sources:

http://www.sis.nlm.nih.gov/ToxTutor/Tox2/a31.htm
http://depts.washington.edu/~digital/ENVH514/Toxicokinetics-1/Toxicokinetics%201.PPT
C&D, pp. 228

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


There are many assumptions made when using animal testing in assessment of human toxicity risks.  Toxic effects are assumed to be on the same range with humans and animals even though the human may be a lot bigger than the animal being studied.  This is because on body weight scale, humans are on average more vulnerable than animals by a factor of time.   Anything that is carcinogenic in animals is carcinogenic in humans, although vice versa is not the case necessarily.  High doses are necessary and valid to evaluate whether there would be an effect in humans.  Since population studies in labs tend to be small it is felt that it is necessary for large doses to be looked at to obtain a statically valid result.  I don’t think this argument is really justified since you won’t know whether there would or would not be a response at a low dose.  The use of genetically engineered mice, also known as knockout or transgenic mice, to relate toxicity to susceptible human populations such as people with asthma, cystic fibrosis, and other diseases.  

There are a lot of problems with animal models.  One concerns treatment of the animals being experimented on.  There are now many other alternatives to animal models such as different types of biomarkers.  I found a few sites that deal with critique of animal testing.  Here is one good site.

http://www.mrmcmed.org/crit2.html
It basically talks about many problems with animal models for toxicity.  It discusses problems with LD50 testing and skin testing for toxicity.  It states “Draize eye irritancy test, in which unanesthetized rabbits have irritant substances applied to their eyes, yields results that are inherently unreliable in predicting human toxicity.69 Humans and rabbits differ in the structure of their eyelids and corneas as well as their abilities to produce tears.  Indeed, when comparing rabbit to human data on duration of eye inflammation after exposure to 14 household products, they differed by a factor of 18 to 250.70  A battery of in vitro tests would be less expensive and likely more accurate than the Draize test”

Problems with the LD50 include not taking into account factors of animals being studied such as different variants such as an animal's age, sex, weight, and strain can have a substantial effect on the results, laboratories often obtain widely disparate data with the same test substances.65,66  In vitro tests could potentially completely replace the LD50.

It also states cancer testing with animals is very unreliable.  “Of 19 known human oral carcinogens, only 7 caused cancer in nonhuman animals using the standard NCI protocol.”

It also states that in vitro testing would be a better alternative and more accurate to animal models.  

There are also a lot of other arguments debunking animal testing as unreliable due to the many physiological differences between animals and humans.  

This site lists alternatives it feels as better alternatives to animal models for toxicology testing

http://www.dlrm.org/campaigns/eutests.htm
Some alternatives it lists include:

- human blood and tissue samples;
- epidemiology;
- in vitro toxicology;
- molecular toxicology;
- computational modeling;
- physicochemical techniques;
- structure-activity relationship

Based on what I have been reading I believe a lot of the animal toxicology studies assumptions are too generalized to be used for humans and alternative models for toxicology seem to be the more accurate way to figure out toxic effects. Some of the alternatives listed above can be used instead of animal models to determine toxic effects and could be more accurate.  

Sources

C&D Toxicology

http://www.mrmcmed.org/crit2.htm
http://www.dlrm.org/campaigns/eutests.htm
Would you eat honey made by bees from azalea flowers? Why or why not? Explain the specific reasoning behind your answer.


I would not probably eat honey made by bees from azalea flowers.  Certain species of azalea flowers such as AZALEA, RHODODENDRON flower, which grows in east.  They have a moderate risk for toxicity.  Most of the leaves and flowers of this plant is toxic to humans.  They can cause stomach irritation, abdominal pain, abnormal heart rate and rhythm, convulsions, coma, death. “This plants, as well as mountain laurel (Kalmia spp.) contain grayanotoxins (glycosides), which affect the gastroenteric (stomach and intestines) and cardiovascular systems.  Honey from this plant is also considered toxic.”  Other symptoms that may occur are low blood pressure or shock, bradyarrhythima (slowness of the heart beat associated with an irregularity in the heart rhythm), sinus bradycardia (a slow sinus rhythm, with a heart rate less than 60), nodal rhythm (pertaining to a node, particularly the atrioventricular node), Wolff-Parkinson-White syndrome (anomalous atrioventricular excitation) and complete atrioventricular block In small doses it is not toxic but greater doses are.  Grayanotoxins target sodium channels, preventing inactivation.  This means that nerve and muscle cells are in a state of depolarization, during which entry of calcium occurs.  The disease is rarely fatal though.   I would avoid honey from these plants because it would be hard to know whether the honey came from this type of azalea or another non-toxic one.  Its better to be safe than sorry I always say.

Sources:

http://www.vet.purdue.edu/depts/addl/toxic/plant10.htm
http://museum.gov.ns.ca/poison/rhododen.htm
http://www.user.fast.net/~shenning/rhodytox.html
http://www.rhododendron.dk/gift.htm
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?

The FDA regulates food synthetic food additives under the Federal Food, Drug and Cosmetic Act.  For a manufacturer to get an additive approved, the manufacturer must submit a petitition to the Office of Premarket Approval (OPA).  The petition must contain the following information:

· The identity and composition of the additive

· The proposed use in food

· The amount to be added to food

· Data establishing the intended effect

· Quantitative detection methods in food

· Full reports of all safety studies

· Proposed tolerances (if needed)

· Environmental information (for NEPA*)

Toxicological studies need to be performed.  These include but are not all required, only used as guidelines:

A. Acute oral study--rodent 

B. B. Short-term feeding study (at least 28 days)--rodent 

C. C. Subchronic feeding study (90-day)--rodent with in-utero exposure 

D. D. Subchronic feeding study (90-day)--rodent 

E. E. Subchronic feeding study (90-day)--non-rodent 

F. F. Lifetime feeding study (ca 2-year)--rodent with in-utero exposure for carcinogenesis and chronic toxicity 

G. G. Lifetime feeding study (ca 2-year)--rodent for carcinogenesis 

H. H. Short-term feeding study (at least 1 year)--non-rodent 

I. I. Multigenerational reproduction feeding study (minimum of 2 generations) with teratology phase--rodent 

J. J. Teratology study 

K. K. Short-term tests for carcinogenic potential 

L. L. Metabolism studies

· FDA's Good Laboratory Practice (GLP) Guidelines.

· FDA's Good Clinical Practice (GCP) Guidelines

These also need to be done for toxicological 

Chemistry information on the additive also needs to be provided.  These may include:

· Guidelines are NOT requirements, BUT 

· the design of any study should be based on sound scientific principles, not rote adherence to guidelines, and 

· significant deviations should be justified and potential effects on the results discussed

· Consult with the Office of Food Additive Safety (OFAS) for protocol review BEFORE initiating any studies to ensure: 

· that the proper test data will be submitted, 

· that the analytical methodology will be adequate, and 

· that the validation methodology will be adequate.

· Submit all supporting raw data, including that for: 

· test materials, 

· standard preparation, 

· calibration curves, 

· standard and sample spectra, 

· limits of detection (LOD) and limits of quantitation (LOQ), 

· sample workup, and 

· sample calculations.

· Submit all other relevent information, for example: 

· technical brochures, and 

· material safety data sheets (MSDS).

· Discuss the results: 

· interpretations/conclusions should be scientifically sound and supported by the data. 

· DO NOT make any unsupported statments!

· Ensure that consistent information is presented throughout all sections of the petition, including those pertaining to: 

· chemistry, 

· toxicology, 

· environmental science, and 

· any other pertinent studies.

The overall process can take anywhere from 6-72 months depending on the type of additive.  

If the preservative shows some excess bladder tumor formations in guinea pigs it would require further testing to determine whether or not it would be safe for humans.  It would delay the preservative from being approved, perhaps leading to it being rejected.  The FDA might approve it and require it to have a label stating it has been know to cause cancer in rodents such as nutrasweet has that label.  

Sources:

http://vm.cfsan.fda.gov/~lrd/foodadd.html
http://www.cfsan.fda.gov/~dms/opa2pmnt.html
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 analysis is used for determining infertility in men.  Semen analysis can be used to detect a number of trace elements, including Ca, Cd, Co, Cr, Cu, Fe, Mg, Mn, Ni, Mo, Pb, Rb, Se, Vd, and Zn.  The number of spermatozoa produced per day reflects the concentration of sperm in the semen, whether it’s low or high.  The quality of the spermatozoa produced reflects whether the sperm is developing correctly. The number of sperm in the ejaculate is directly correlated with the number of germ cells per gram of testis.    Looking at the denaturability of sperm DNA is another way of suing semen evaluation to look at toxicity in males.  Abnormal morphology is probably a result of abnormal spermiogenesis.  The amount of denaturation occurring is called (t .  This value does not change much in men (usually within 10%) so is therefore is good to look at reproductive toxicity since the change produced by the toxicant would be expected to exceed the variability within the same individual (Scialli,1992).  This allows for information at the genetic level to be evaluated.  Looking at DNA allows to determine when the toxicant insult occurred.  These test do not say much about the mechanism of the process involved.  

Sources:

C&D.  Ch 20.

Scialli, Dr. Anthony R.   A Clinical Guide to Reproductive and Developmental Toxicology.  CRC Press.  Boca Raton.  1992

http://users.aol.com/schrad5/TOX1.htm

