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Overview Comments, Strengths: 
This clinical trial addresses a very important medical problem with a potential treatment and prevention that is simple and inexpensive. The trial was conducted in Africa with a population and environmental conditions that is representative of the practical medical problem. The rationale is straightforward. The design tested both safety of the clay and its efficacy.
Overview Comments, Weaknesses:

· Certain assumptions are made that may not be justified. For example, no information seems to be available that shows that the amount of metabolite is a consistent or reliable index of the amount of aflatoxin in the blood. Suppose, for example, the metabolite level in urine might have a  non-linear relationship to the metabolite’s level in the blood. That i s, a certain and perhaps high level may have to build up in the blood before it “spills over” into the urine. That, for example, is what happens with blood glucose. If that were the case for aflatoxin, people could have dangerous levels in their blood and yet not reflect that by the amount of aflatoxin in the urine.

· The design assumes, without evidence, that everyone in each of the three treatment groups has the same diet and ingests the same amount of aflatoxin. That is a limitation the experimenters have to live with, because it would inhumane to deliberately force people to ingest aflatoxin in a known dose.

Introduction: 

1.  Was there an explicit hypothesis? If not, what was the implicit hypothesis?
· The hypothesis is more implied than explicit. The implicit hypothesis is that eating clay-like materials can reduce the absorption of the aflatoxin and thus reduce its toxic effect on the body.
· A related hypothesis is that the blood level of a marker of aflatoxin metabolism can be a reliable index of how much aflatoxin got past the intestine into the bloodstream and body.

2.  How reasonable does the rationale seem? Why or why not?
· Generally, it is logical.
· Other studies showed that the marker is a metabolite of aflatoxin, and that it occurs in animal milk and human urine. It is reasonable to assume that if the metabolite  is in milk or urine, a proportional amount must have been in the blood and other tissues.
· The introduction of the paper implies that aflatoxin has more than one metabolite. We do not know if the toxicity comes from aflatoxin itself, or this metabolite, or some of the other metabolites. However, remember that the metabolite is being measured because of the assumption that it is a reliable indicator of the amount of alfatoxin in the blood and tissues. See next bullet.
· However, no information seems to be available that shows that the amount of metabolite is a consistent or reliable index of the amount of aflatoxin in the blood. Suppose, for example, the metabolite level in urine might have a  non-linear relationship to the metabolite’s level in the blood. That i s, a certain and perhaps high level may have to build up in the blood before it “spills over” into the urine. That, for example, is what happens with blood glucose. If that were the case for aflatoxin, people could have dangerous levels in their blood and yet not reflect that by the amount of aflatoxin in the urine.
3.  What are some alternative ideas that were not considered. Does this research seem scientifically important? Is it medically important? Why or why not?

Regarding the use of clay to adsorb aflatoxin:

· When Macaws or any animal or people eat soil, how do we know it is the clay in that soil that is beneficial? Soils contain other substances and not all soils have the equivalent kind or  amount of clay.
· As the authors point out, various clays have been tested for binding aflatoxin, and not all clays are equally effective. They refer to their previous studies showing that NovaSil should be promising clay for clinical testing in humans. 
· Tests were conducted in humans to see if NovaSil, by itself, is safe. Fifty subjects in this test seems an adequate number, but we could quibble that the two-week test period used might be insufficient. Perhaps consumption over a longer period would have produced digestive disorders or perhaps some other side-effect, maybe even cancer.
· The idea of adsorption is not scientifically new, because that principle is already well known. Whenever two or more substances are stuck to each other , they have less freedom to diffuse or be transported as separate entities.
· Even the idea of adsorbing materials in the gut to reduce absorption so that the toxic effect is reduced is not new. That is how many  anti-diarrheal drugs work, such as Kaopectate. On the other hand, this is a unique application of the principle to a particular disease for which there is no current medically approved solution.
· There is no mention of other approaches, such as reducing the amount of mold that produces aflatoxin in the food that people and animals eat. This might include treatment of food so that the mold and/or is toxin is removed from food, preventing the growth of mold on food after it is harvested. It might even be possible to use a biological approach to kill mold that grows on plants, such as using a virus or bacterium that kills mold. However, in a primitive society, such approaches, even if they could be found, may not be practical. This present approach of using clays is simple, inexpensive, and culturally acceptable for this society.

Regarding the decision to use a metabolite as an index of the level of aflatoxin:
· No consideration is given to destroying the toxin after either before or after it has been ingested. It is likely, however, that there are no good leads on what kind of chemical or medicine could destroy the toxin. Many toxins are notoriously hard to destroy, and this may be true of aflatoxin.
· No reason is given for not measuring the amount of aflatoxin in the urine, although it may be that the human kidney cannot excrete aflatoxin, only its metabolite. 
· Why this metabolite? Many biological compounds degrade into more than one metabolite, often a chain of metabolites? We do not know if each metabolite is handled the same way by the kidneys nor if there is something about aflatoxin M1 that makes it better or worse as a reliable indicator of the blood level of aflatoxin.

Methods:
1.   Is the design adequate? Why or Why not?
· The design seems adequate, given what was known  before the study. However, the results indicated too much variation, too little attention paid to dose-response, and insufficient duration of the experiment. See later comments.

2.  How well do the control groups serve as checks on variables that could influence results other than what is being tested? Why or why not? 

· The design assumes, without evidence, that everyone in each of the three treatment groups has the same diet and ingests the same amount of aflatoxin. That is a limitation the experimenters have to live with, because it would inhumane to deliberately force people to ingest aflatoxin in a known dose. The consequence of this poorly controlled diet is that there will be uncontrolled variation in the level of aflatoxin in the urine that is caused by differences in diet and aflatoxin exposure
· We are not told how often each subject took a treatment or placebo treatment. Was it once per day, twice, or what?.
· Only two dose levels of clay and a no-clay placebo are tested. That is the minimum acceptable design. More dose options would be desirable, but that is probably not justified in a preliminary experiment at a time when you don’t even know the treatment can work. Experimenters have to keep in mind the cost and amount of labor required to perform a study.
· Extraction: why are water and acid used to dissolve the metabolite? Presumably, this is the best way to get it to dissolve into solution. The paper does not say how it created an antibody column. Presumably, they injected aflatoxin metabolite into an animal, waited for the animal to develop antibodies to it, and then collected blood and purified the antiboedy. No information is given on how they got the antibody fixed to the material in the column so that it would stay there and not wash out. Washing the water apparently cleans the column of everything but antibody and the bound metabolite. Methanol, which is a stronger solvent than water, is apparently able to bread the antibody-metabolite binding and free the concentrated metabolite so that it can be collected. If these solvents, water and methanol, did not work in this system, the researchers would have to test other solvents.
· Measurement: The liquid chromatography procedure is not explained in detail, because most scientists already know how this works. Measuring the metabolite in terms of the ratio of it to the amount of creatinine is necessary to compensate for the differences in how much the urine was diluted. If you drink a lot, the large amount of water in urine will dilute all substances dissolved in it, but it won’t change the ratio of metabolite to a substance that is always contestant in urine, such as creatinine. Determining when the metabolite comes off the liquid chromatography column was determined ahead of time by injecting a known amount of metabolite under the same conditions as were later used on the urine extracts.
3.  Describe the negative control group and its function? Are there important variables that the control group does not account for?
· The placebo group, which got no clay, served as the negative control. Data from this group would indicate how much aflatoxin everybody ingested (assuming each group had the same exposure, which was not proved) and serve as a basis for comparing any effect in the groups getting treatment with the adsorbent clay.
· The dependent variable in the experiment is the level of aflatoxin metabolite in urine, the amount of which depends supposedly on the amount of NovaSil clay that people take. 
4.  Is there a positive control group or is one needed? 

· No. There does not seem any compelling reason to use a positive control in a study designed like this. However, one positive control that  could have been based on using another group that received a different kind of adsorbent which is  known to reduce aflatoxin exposure. Later in the paper, the authors refer to a study showing that chlorophyllyn reduces aflatoxin exposure. That compound could have served as a positive control, and it would have the advantage of showing whether the clay was more effective than the chlorophyllyn.
5.  Is double-blind testing needed and used? Why or why not?
· Double-blind testing was not done and probably not necessary. All conclusions were based on data collected from machines. No decisions were made on the basis of personal judgment or opinion.

6.  Do the data-collecting approaches or devices seem appropriate? Are they sensitive enough for what is being tested? 

· Yes, they seem to do the intended job. There was a lot of variation, discussed elsewhere, but that is not likely due to the instruments.
· As for sensitivity, there might have been more sensitive ways to extract and measure the metabolite, but no mention was made of testing these. As a practical matter, the approaches and devices used seem sufficiently useful.

7.  Are there other approaches or devices that might have been better to use?
· We can’t know without testing. For extraction, for example, we don’t know what percentage of  aflatoxin in the urine was actually removed by the column treatment. We don’t know how much antibody-bound aflatoxin was left on the column even after it was supposedly all washed off with methanol. Similar comments might be made about the liquid chromatography procedures used to measure the metabolite.
Results:
1.  Do the results support the hypothesis or not? How convincing is that support? 
· Yes. Despite the uncontrolled variables, the response was strong enough to be seen. Note, however, that the low dose of clay was not effective.
· Note also, that it took two months of treatment for the low dose to start showing an effect. This result seemed to have been ignored by the authors.

2.  Do you notice anything of potential importance in the data that was not commented on by the authors?
· Yes. Though the authors did mention that there was 6,648-fold difference in the amount of metabolite in urine prior to treatment (0.02-13,298), and this probably indicates a huge difference in amount of aflatoxin that the various people consumed. The authors did not raise the issue that the clay might not have a linear effect on binding aflatoxin. That is, the amount of binding varied as a straight line response as a function of dose of aflatoxin. No evidence is given that this is the case.
· Also, the fact that the low dose was not effective at one month  suggests that a certain minimum amount of clay must be present before any effects show up. This suggests a non-linear dose-response curve, which actually is typical for many medical treatments. Of course, with only two doses tested, you can determine the shape of a dose-response curve.
· Note the two-month data for the low-dose group. This looks as if the clay is starting to work, that it might be effective, but just takes more time for the effect to occur.
3.  Is the variance in data large enough to suggest that some variables are not being controlled? What might these be?
· Yes, there probably is a lot of uncontrolled variation. We con’t know why without further study. Authors did not show any variation data, such as means and standard deviations (see Fig. 5 for example, where only mean values are shown).  
· Note the data in Fig. 5 for the placebo group. At two months, the aflatoxin level has dropped quite a bit, yet we know that this change probably has nothing to do with the treatment. How can we know whether or not a similar drop would have occurred in the treatment groups even if they had not received treatment?

4.  Apart from the statistical effect, what is the magnitude of the ‘treatment’ effect? Is it large enough to be of much practical importance?
· At three months, the high dose had produced a 2.5-fold reduction in aflatoxin marker (placebo and low dose had values around 50, while high-dose value was about 20). So this is a big effect. Things are less clear at four months where values have dropped for both high and low dose of clay, but the placebo value had also dropped. Still the difference is close to double, with clay treatment producing on the order of 15 while the placebo had a value of a little above 30.

Discussion:
1.  Summarize how the authors discussed the results in terms of their original hypothesis.
· They concluded that ingesting the clay could reduce levels of the aflatoxin marker and thus indirectly the amount of aflatoxin that got into the bloodstream. This finding supports the hypothesis.

2.  Did they point out implications that go beyond the hypothesis?
· They did open a door to other ideas with their comments about another group’s study with the pigment chlorophyllin, but the relationship of that study to this one was not made very clear. Were those results better or worse than in this present study? Are they suggesting that other substances besides clay should be tested? If so, are pigments as a class worth testing?
· The chemistry of pigments is quite different than that of clays. Is there more than one way to bind aflatoxin? What are those mechanisms? Which is better? But even more troubling, can we be sure that both classes of compounds work by the same mechanism of binding?

3.  What implications did the authors perceive that go beyond the original hypothesis. Do you perceive any other implications? 

· You might want to suggest that the clay acts by some mechanism other  than binding. Perhaps it destroys aflatoxin  or alters its  metabolism. However, from what we know about the chemistry of clay, their binding properties are their most conspicuous function. 
· One assumption was never tested. That is, the authors seem to assume that all ingested aflatoxin gets converted to the M1 metabolite, which is what they measured. Could some of it remain in the body unmetabolized? Could there be multiple metabolic pathways that would produce more than one metabolite?

4.  What ideas for future research did the authors generate? What ideas for future research do you generate?
· The authors suggested a longer-lasting trial, which seems like a good idea, because in the real world of Ghana, people are getting exposed to aflatoxins continuously.
· Authors did not point out that future research should control better for the amount of aflatoxin each treatment group ingested. Recall the wide swings in the placebo group, ranging from over 50 to a little over 30. Also, we have no idea if similar variation due to diet was occurring in the other two groups.
· The comments about chlorophyllin suggest a new line of research that directly compares certain dyes and NovaSil. Perhaps such research could identify the locations on the molecules that bind aflatoxin, which in turn could lead to chemical synthesis of compounds that are even more effective that NovaSil or the dyes.
· Studies in test tubes (called in vitro studies) might reveal how long the clay binds the toxin and thus dictate how often the clay ought to be administered. Perhaps the treatment used here of once per day is not frequent enough for best effect.
· Where on or in the clay molecule does the binding occur? Once that is determined, research could be conducted on that particular molecular “hot spot” to design research that might develop an even better binding agent.

5.  Note any important information that was not commented on by the authors.
· Yes, see the summary statement in last paragraph.
6.  Does the author state a ‘take-home lesson?

Ingestion of NovaSil clay can decrease exposure to dietary aflatoxin in humans, but there are dose and time-course issues that are not yet clear. 

7.  How would you state the take-home lesson?
While many problems with this paper have been pointed out, we wish to emphasize that this is a good and useful paper and deserved the publication that it received. No one study can be perfect, either in its assumptions, methods, data analysis, or interpretation. But it IS important to know what the weaknesses are of every study, even the good ones.
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