Notes added 12-5-06: The paper below is ancient, but it is an easy way for me to show you a few things. First is my early work on “F = slow”, and how it related to cancer prevention. Later I dropped both of those. 
Cancer is very complicated, and I eventually dropped that in favor of easier-to-explain birth defects. Even in the paper below, when I was still presenting both, 90% of it is about birth defects, not cancer. I scanned it quickly, and I did not see some of my later cancer stuff, the parts about the final stage of maturation being an “address”. Maybe I will dig that up sometime.

F = slow:  The way that fluoride slows down maturity is still the heart of my work, but it takes a long time to explain. Now that there are papers (like Aschengrau) showing that fluoride seems to prevent birth defects, I get lazy and just use those. 
In this old paper you will also see more of my rough edges. Bear in mind that I was just a construction worker who got interested in fluoride. I barely knew how to type (you will see things like having two spaces at the end of a sentence) and did not have any formal training in dentistry (you will see things like spelling dentin in the older UK way, dentine). 

A normal research paper has a quick summary of what others have already done, then mostly tells of the author’s new experimental work and what has been proven. And they get all that done in a few months or maybe a few years. By the time of paper below, I had worked 4 years, and still had not done the first experiment, let alone proved anything. Mostly I tried to squeeze my hypothesis in to a LONG explanation of all the work that came before. I still do not have any real proof that a little fluoride in early pregnancy can prevent cancer.

My review of the NTP paper does not start until page 71.
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Introduction

The chances of a birth defect are very slim to start with, roughly 1 in a 1,000 for most types.  Cancers are even more rare.  


There is a far better invention than the one we will discuss.  Folic acid, a nutrient found in fresh vegetables, has been well proven to prevent almost all neural tube defects, which are very serious birth defects.  The trials have been accepted by the FDA and reported in major journals.  


(See a recent article in The New England Journal of Medicine by Dr. Andrew Czeizel and Dr. Istvan Dudas.  December 24, 1992, page 1832.  Note:  Please excuse the terms "invention" and "prior art".  This paper was adapted from a patent application.  While you are excusing things, please excuse my writing style.) 


The current invention is using a small dose of fluoride early in pregnancy to prevent birth defects and childhood cancers.  


There is no direct proof that fluoride deficiency leads to either birth defects or cancer, and no direct proof that providing fluoride will prevent these problems.


The theory that will be presented is that fluoride prevents tissues from growing too fast.


The most important point will be that most modern people are deficient in fluoride.  This is especially important during pregnancy.  We will see some excellent evidence that a little fluoride in pregnancy will clearly help to create teeth that are shaped better, look better, and resist dental caries.  The fluoride that is taken to improve teeth is started in the third month because this is when teeth start developing.  The logic we will explore is that perhaps fluoride earlier in pregnancy can do similar things for bones and organs that are going through similar development at the earlier stages of pregnancy.  


The amount of fluoride recommended (.5 mg F per day) is about 1/3 of the RDA for adults, and roughly doubles the normal intake.  We will look at safety issues, which are minimal as long as the dose is very low.  However, high doses of fluoride are toxic.  Ideally, fluoride use should be supervised by a doctor.


Fluoride will prevent cavities.  By far and away the most well known use of fluoride in pregnancy is to prevent dental caries in the teeth of the offspring.  Please allow me to introduce the two doctors that have been the prime movers in this area.  Dr. Frances B. Glenn, DDS and her husband, W. Darby Glenn, MD of Miami have written about 10 excellent and useful articles on prenatal fluoride.


In 1982 they reported on the safety of prenatal fluoride, or "PNF" for short.  Mothers-to-be were given 1 mg F (a 2.2 mg NaF tablet daily) starting about the third month of pregnancy.  In the 117 test children, there were no medical or dental defects.  In the control group of 375 children, 3% had congenital medical defects, not counting dental defects.  


Other results at birth were that the PNF children were slightly heavier, slightly longer, and had fewer premature births (1.9% vs 13.2% in controls).  As the children grew older, the most important results came in.  The PNF children had far better teeth.  In the control group only 15% of the children were completely caries free.  In the PNF group, 97% of the children were caries free.  


The water in Miami is fluoridated at .07 ppm F, so all of these children, test and controls, have fluoridated water.  The reduction in dental caries between the test group and the controls was 99% (p<.001), showing that PNF in addition to fluoridated water makes a tremendous difference.  This difference showed up even between children in the same household.  Many of Dr. Glenn's patients also received fluoride supplements as infants and children, and generally got a level of dental care that could be considered the best in the world.  The average age of the PNF children in this study is about 5 years.


About 10 years later, in 1991, the Drs. Glenn presented some long term results.  By this time they had treated over 1800 patients, including President Bush's grandson.  This is a summary of their 30 years of work with PNF:


Number of children
Age of children

% caries free  


1428



5 years 


97%


871



9 years


95% 


103 



17 years


93% 


(References follow.  The primary author is Glenn FB unless noted otherwise.)


Early reports (fewer, younger, patients; comparisons between siblings with and without PNF):  all in J Dent Child, 1977  44:391; 1979  46:17; 1981  48:18.

 
Report emphasizing obstetric safety (1982 above):  Amer J OB Gyn, 143:560.  One 2.2 NaF tablet, taken first thing in the morning on an empty stomach, with a glass of water.


The most important report for this invention, about how PNF profoundly improves the shape of teeth, 1984:  J Dent Child 51:19.


Increased fluoride content of PNF teeth, 1984:  J Dent Child 51(5):344.


Improved enamel structure, LeGeros RZ, 1985:  J Dent Res 64(3):465.


Dosage discussion, 1987:  J Dent Child 54:445.


Policy discussion, 1988:  J Dent Child: Mar-Apr:94.


Most recent statistics (1991 above):  3rd World Congress Preventive Dentistry, Morioka T ed.


(If you have trouble locating any of these articles, reprints of the Glenns' work are available from the Children's Dental Research Society / 7741 SW 62nd Ave / Miami FL 33143  USA.)


High doses of fluoride are dangerous.  The best advice is to follow your doctor's instructions carefully.  


For practical purposes fluorosis is white spots on permanent teeth caused by too much fluoride during infancy.  It does not take much fluoride to cause this, and many American children born between 1962 and 1979 have signs of too much fluoride.  During those years about 90% of pediatricians were using a dose of .5 mg for newborns.  In one study about two thirds of the children had visible fluorosis.  Five percent had enough so that the appearance of the teeth was "undesirable".  


(See Aasenden & Peebles, Arch Oral Biol 19:321 and 23:111.  This was generally in areas without fluoridated water, which is about half the country.)  


It should be mentioned that dental caries in these children was reduced by about 80%, and during those years in the early 1960's dental caries was a serious problem.  The doses now used by pediatricians have been cut in half to .25 mg.  No fluorosis has been reported from this dose.  Ideally, the dose would be by body weight, at about .033 mg/kg, and account for fluoride from water, formula, etc.


The concentrated forms of fluoride that are generally used as medicine are prescription drugs and should only be taken under a doctor's supervision.  Large overdoses cause much more serious types of fluorosis.    


If a child gets about 10 times too much fluoride during infancy and early childhood, the excess fluoride will have serious effects on the child's permanent teeth.  These teeth erupt about 8 years after the fluoride overdose, and they will be brown and distorted in shape.    


(A book of color pictures is "Dental Fluorosis" by Fejerskov O, 1988.)  


If an adult gets about 20 mg per day over a long time, say about 20 years, bones can become overloaded and fused together.  At about 100 mg per day for 30 years, there will be nerve damage and early death.  It has happened near some water supplies and among some factory workers.  


A very large overdose can kill rapidly.  Fluoride is useful as a poison to kill both rodents and insects.  About 300 mg could kill a small child.  A large tube of toothpaste contains almost that, but there has never been a case of a child eating that much toothpaste.  


(Any book on fluoridated water will cover all of these safety issues.  I use "Fluorides and Dental Caries" by Dr. Earnest Newbrun.)


The most recent stories about bad effects from fluoride are about it causing cancer in rats.  When the water contained zero fluoride, there was zero bone cancer.  When the water had 11 ppm F (1 is normal fluoridated water), there was also zero.  When the water had 45 ppm, the first bone cancer shows up (2% of the animals), and when the water had 79 ppm, the bone cancer rate went up to 4%.  This is clearly a dose related response.  This report is the "NTP" report and we will come back to it in the section on cancer.  


(A free copy of the NTP report is available from the National Toxicology Program at 919-541-3991.  A review of the NTP report is available from the Public Health Service 301-443-2403.  It is called "Review of Fluoride Benefits and Risks".  It is often referred to as the Mason report.)


In early pregnancy it is especially important to be careful with fluoride.  No one has specifically tested the doses proposed, .5 mg per day as a supplement in early pregnancy.  


The most wide spread study is based on fluoridated water.  In 1976, after reviewing 1,387,027 births, Erickson concluded that there was no association between fluoridated water and birth defects.  


(See JADA, 93:981.  Later I am going to say that fluoridated water does not provide enough fluoride in early pregnancy, so this reference is not enough to say that the invention is safe.  The dose used, .5 mg, is roughly two glasses of fluoridated water.)


Animal tests do show effects from fluoride during early pregnancy.  There are no birth defects as such.  The most authoritative review is in "Teratogenic Agents", by Thomas Shepard, 1976.  The points he made are covered below.


In 1954 Flemming tested giving mice roughly 20 times too much fluoride (water with 20 ppm F).  If the fluoride was given early in pregnancy (which lasts about 20 days in mice), the embryos would resorb (this is what mice do rather than miscarry).  If the fluoride was started during the last half of pregnancy, then changes in the shape of the teeth and jaw bones could be seen.  Calcification was slowed down.  Matrix maturation was slowed down.  


(Flemming:  J Dent Res 33:780.  Although not in this context, Shepard, above, on page xvi, says that, "retardation of the fetal skeletal maturation ... is another example of a change considered physiologic but not teratogenic.")


There is a recent article that I have not read yet (it is in Italian).  Fetal abnormalities were found in soft tissues - liver and kidney - as well as the usual bones and teeth.  The dosage was 25 mg F/kg.  (About half of the LD50 - the dose at which half the subjects would die.  At the dose used on these mice a woman weighing 125 pounds would get 1,420 mg.)  


(The Italian article is cited in Pillai, 1989.  Fluoride (22:165).  In Pillai's own test the earlier results of Flemming were confirmed.  Mice given 5.2 mg/kg (1/10 the LD50) from day 6 after mating until day 15 after mating showed no sign of pregnancy.  That means the fluoride wiped out the embryo.)


(A Polish article says in its English summary that high fluoride caused no birth defects in rats, but did cause an increase in the number and size of places where the cartilage was starting to turn into bone.  The embryos were slightly longer and heavier.  The dosage part is in Polish, but I think it says 10 ppm ["10 mg F-/dm3"].  Bialas B, 1989.  Bromatologia I Chemia 22(2):158.)


While the doses were fairly high in the above studies, it is clear that fluoride is absolutely deadly at high doses.  It has the effect of slowing down some processes, and if these processes are slowed down too much it is harmful to the embryo.  As we will soon see, any effect on the embryo can show up in all kinds of ways later. 


The dose used in the invention is .5 mg per day, or about .01 mg/kg.  There is not any evidence of any danger at or near this dose, but please let me share the concerns I would have on a theoretical basis.  The two problems to consider are sudden change and timing.


I would worry more about a newly pregnant mother going from no fluoride to 2 mg per day than I would about someone getting 5 times that much on a regular basis (like from a very high fluoride water supply) and getting pregnant.  


(In the Mason report cited above, on page 67 there is a paragraph about three areas with water from 10 to 20 ppm F.  A glass of water at 10 ppm F water has about 2.5 mg F.  "Birth defects have not been reported among children born in these areas.")


The best example I can cite on the effects of sudden change versus a steady high supply is about chicken feathers.  Chicken feathers are made of a type of matrix that is similar to teeth.  The effect that was interesting was that very high doses (food that was 1300 ppm F) caused feathers to be broken and frayed.  This happened in the first few weeks of the test.  Then, after a month or so, the feathers looked excellent.  The way I interpret this is that the sudden high dose of fluoride caused a kink or weak point in the feathers that were just being formed.  As the weak point grew out, breaks occurred, causing the feathers to look ragged.  However, as the chickens adapted to the high fluoride, the forming feathers were fine.


(Chickens:  Hahn PHB, 1986.  Poultry Science 65:1343.)


The feather experiment (and most of the rest of what you are going to read) implies that the time to be the most careful is while important matrix is being formed.  The most important days for a human are 40 days - from about 17 to 57 days after conception.  The month or so before conception seems like it must be important, but there is not much written about that.  Things that do cause problems simply prevent fertilization from ever occurring.  From conception until the 17th day the embryo is just a group of cells with no particular form.  A bad effect then will simply kill it.  The next 40 days are when the embryo takes shape, to form a very small but surprisingly complete human.  Most of this shaping is with newly formed matrix.  During this shaping is when the vast majority of birth defects happen.  For the remainder of pregnancy most problems cause subtle changes, but not outright defects.  

 
Fluoride affects matrix as it is being formed, and for that reason you simply can not be too careful during these important 40 days.  Although for the rest of this paper I will treat fluoride as if it were "just a nutrient", your doctor will never forget that at one time DES was "just a hormone", and later Thalidomide was "just a tranquilizer".


Modern humans are probably deficient in fluoride.  There are three ways to look at this: dental caries and other teeth problems as a symptom of the deficiency, a comparison between our diets and the diets of our early human ancestors, and, finally, a look at animal diets.  


1.  Cavities are caused by fluoride deficiency.  It is almost axiomatic that most modern people will get dental caries unless they get some source of fluoride.  People of my generation can believe in the inevitability of caries without proof.  People who were born after 1961 in these same families are more or less walking proof that fluoride can prevent caries.  Generally speaking, most people under the age of about 32 grew up with either fluoridated water or fluoride supplements.  


(The best two citations on the use of fluoride by pediatricians for infants are a study by Aasenden - cited earlier in the section on fluorosis - and a study by Margolis - Am J Dis Child 129:794.  The easiest way to see if you had these baby fluoride drops is in your back teeth, your first permanent molars.  These teeth are usually the sixth tooth back, counting your front tooth as number 1.  If you have no fillings anywhere in your mouth except just on the tops of these teeth, you probably had the fluoride.  For most people, the tops of these teeth form just before or just after birth.  About half the people who started fluoride at birth have cavities there, and the other half have no cavities at all.  The rest of your permanent teeth form after birth and should have been protected by the fluoride starting at birth.  To check for fluorosis, use a flashlight or other backlight to shine through your front teeth and look for opaque areas along the cutting edge.  The reason the fluorosis is in that particular spot is because at birth, when the doses are very high for a little 7 pound newborn, that part of your permanent front teeth is forming.  See Newbrun E, 1978.  Pediatrics 62(5):733.)  


You can almost say that if parents start fluoride early, and follow their doctor's orders well, their children will never have a single cavity.


Since we are looking at dietary deficiencies, let us look at the effects of adding fluoride to the diet.  If we look at studies that test giving supplements to people, there is an interesting trend.  Here is the average prevention of caries, in permanent teeth, according to when the parent starts the supplement.


Prenatal
80% 


Birth

62% 


3 years
43% 


4 years
37%


6 years
30% 


This implies that the most important time for a fluoride deficiency would be in pregnancy.  


(The source for the prenatal figures is Driscoll, 1981, J Dent Child 48:109.  Glenn's study is averaged in at 99%.  The studies used are the ones that started in pregnancy and then continued after birth.  The figures for the childhood studies are from a table on page 36 in Newbrun's book "Fluorides".  The studies averaged are the ones with a specific starting age like "age 3"; not used were the ones with general ages like "age 3-6 years".)


(I think pregnancy is clearly the most important time for fluoride, but I want to also defend the later use of it in childhood and even for adults.  The studies above that show such low results from childhood use do not generally factor in compliance, which makes a hugh difference.  Much of this drop off in effectiveness is because compliance drops off as children get older.  A good example of this can be told if we introduce one of the pioneers of infant fluoride.  The other author in the Aasenden study is a pediatrician, Dr. Tom Peebles.  He is a real fluoride booster and has given talks all over the country on it.  He is most well known for his work with the AAP [American Academy of Pediatrics] in reducing the doses in 1979.  He was also one of the original inventors of the products that brought fluoride into the mainstream.  He has taught me many things, and all of his words are etched in stone in my brain.  All this build up is to say that he gets excellent compliance from his patients, probably better than most doctors do.  However, even he does not get much as the children grow up.  He was able to get about 94% compliance in the first year after birth, 84% from ages 1 to 3, but only 39% for teenagers.  It is my opinion that any one of any age can vastly slow down dental caries by taking a daily dose of about .5 mg fluoride.  Another proof that people need ongoing fluoride is what I have seen with my own children.  They had both prenatal and infant fluoride, and I was about like one of Dr. Peebles' patients.  As the kids got older, I got lazier.  After a few years of almost no fluoride, and lots of candy and little brushing, both kids got a very small cavity.)


Do dentists lose business because of fluoride?  Yes and no.  Yes if it comes in the water.  With fluoridated water, what is seen is just what you would expect:  a drop in caries, and a drop in business at the same time.  But no if it comes from the dentist or doctor.  I know that seems strange, but it is important to the invention.  Let's take a look at this.  


There is only one report on dentists getting more business from less cavities.   Dr. Glenn found that her prenatal fluoride patients - the ones with no cavities at all - actually gave her more business.  The cavity-free children spent $338 per year per person, versus $234 per year for the children with cavities.  It is interesting that Dr. Glenn found this spending difference even in the same family, where one child would have cavities and the other would not.  There is no further spending breakdown, but it is implied that the parents are so impressed with the beautiful and cavity-free teeth that they are far more willing to spend big bucks on orthodontics.  (I do not have an exact figure, but local dentists tell me a set of braces costs about $2,000.  This cost is generally not insured.)  


(The Glenn article is in French:  Dental Income and Prenatal Fluoride / Glenn FB, 1983.  La Prevention Bucco-Dentaire 13:27 [Jan-Mar].  I could not find this article using normal sources, and got mine, a translation, from the Glenn's foundation.  You can find a small confirmation that parents put more braces on cavity-free kids in the trial of infant fluoride by Aasenden.  In the second [1978] trial, when the children are about 15 years old, the subject of braces comes up.  There were so many more cases of braces in the fluoride group than the controls that the authors were concerned about whether the control group was actually a good comparison.)


(You may be wondering about the possibility that fluoride caused the need for braces.  I wrote to Dr. Glenn about this, and he [Darby] assured me that it really was a simple matter of the parents' willingness to pay for the treatment.  Prenatal fluoride made absolutely no difference in the need for braces.  Both groups -cavities or not - needed them equally.)  


The important point for the invention is that prenatal fluoride creates beautiful individual teeth, but it does nothing for the way those teeth are arranged in the mouth.


2.  Hunters and gatherers probably got about the equivalent of prenatal fluoride, everyday, from their food.  


(There are no great studies on this particular problem.  Probably the best general studies are by Eaton. A good one is  "Paleolithic Nutrition" in the New Eng J of Med, 1985, 312(5):283.  However, fluoride is not covered.)


The single most interesting source to me was a book that is clearly on the fringes of modern science.  It is "Nutrition and Physical Degeneration".  I should warn you that the gory title is only the beginning.  It is by a dentist, Dr. Weston Price, and he wrote it in 1945.  The theme of the book was visiting primitive societies that were in transition to modern diets during the 1930's.  


(It is in some libraries, but if not it is available from his foundation, POB 2614 / La Mesa CA  92044-0702 / (619) 582-4168.  A modern summary and some of the pictures can be found in a 1987 book by Dr. RF Schmid, "Traditional Foods Are Your Best Medicine".)   


Dr. Price observed that people who lived on traditional foods tended to have full sets of fine teeth well up into old age.  The children that were born and raised on modern foods suffered from dental caries.  For example, to find Indians that were not affected by western people, Dr. Price traveled way up into the Canadian Yukon.  In the most remote group, he found 87 people with 2,464 teeth.  Only 4 of those teeth had any decay (.16%).  Among nearby Indians who lived close to a trading post, 25.5% of the teeth had decay.  In the closest frontier town, the rate was up to 40%.


His main finding was that modern diets fairly wrecked the dental health of every primitive people he visited.  It was interesting that the effect usually showed up not so much in the adults that had begun eating the modern food, but in the very next generation.  


The problems with cavities were bad enough, but the most striking defects were in the shape of the children's jaws.  There are photographs of the adults with perfect rows of pearly white teeth, next to children whose jaw bones look like they got caught in a vise.  


Dr. Price also looked at the skulls of ancient people to see how their jaws were shaped.  On page 227 he shows some pictures of skulls from ancient fisherman on the coast of Peru.  He notes that out of 1,276 skulls he did not find even one case of crooked jawbones - what we call "malocclusion".   


The crooked teeth and the carious teeth went hand in hand.  In a group of Australian Aborigines described on page 174, there is a group of modern food Aborigines in which 40% of the group has abnormal dental arches.  Every single one of the people with crooked teeth also have dental caries.  


The question is of course, "What changed?  How did our ancestors have such healthy children?"  Here is a quote from page 397 that will give a little flavor of what Dr. Price learned from primitive cultures:  "This (physically excellent babies) they have achieved by a system of carefully planned nutritional programs for mothers-to-be.  It is important to note that they begin this process of special feeding long before conception takes place....those...who live by the sea...used fish eggs....(others used)...the milk from cows feeding on rapidly growing young grass..."  At the very least we can say that when they wanted to grow new children, they used foods that were growing new cells.


As a fluoride nut, when I look at the diets of the  cultures that were visited, I see a fluoride source in each one.  For example (in Schmid's summary, pages 8 - 14), here are the first 3:


Swiss (high alpine)
cow bones and scraps, eaten more than muscle meat.


Gaelics (Hebrides)
seafoods, fish bones.


Indians (far north)
bone marrow, esp for children.


Dr. Price was at the threshold of suspecting that a lack of fluoride was a part of the problem.  He added a special chapter to his book about fluoride, and he is well versed for his time.  He notes such things as plants are stimulated by low to moderate fluoride (up to 10 ppm in the water) but stunted badly by over 20 ppm.  He even has a chapter sub-heading referring to "a Need for Fluorine in Optimum Amounts for ... Bone and Tooth Development" but never really fills it out.  


He absolutely does not suggest using fluoride as a food supplement in early pregnancy or any other time for that matter.  The closest he got was this statement:  "The reduction in fluorine intake, if any, was limited to the lowered use of sea foods and land plants [due to substitution of modern flours and jams in the diet]."  (Page 471).  In another section of the book (page 290) he tells of using a soup made from bone marrow in controlling existing caries.  In my opinion the effect of reading Dr. Price's chapter on fluoride would make a parent worry that it is at best a treatment at the dentist's office and at worst a poison.  


(Dr. Price's main focus was on using a special vitamin-rich butter and cod liver oil.  He was later proven to be correct about the importance of vitamin A deficiency to birth defects.  His constant emphasis on using food that is growing in order to achieve healthy growth of an embryo during early pregnancy can also be seen as a forerunner to the work on folic acid which we will cover later.)


(Any textbook on embryo growth will show that the jaws are laid out early in pregnancy.  For a detailed look at how soon this is all set up, see Garn SM, 1979.  J Dent Res 58(2):554.  He found that "individual differences in relative tooth size and interdental spacing are evident by 10.5-11 weeks of gestation".)


Let us forage around a little in some of the other literature on our human ancestors.  As far as caries, there is an excellent graph in a 1981 tome, "History of Dental Caries in Human Populations: The First Million Years".  


(This is a hard to get citation.  I finally got mine by writing:  Dr. HJ Keene / Univ Tex Dental Branch / Houston TX  77025.)   


The graph and text shows that the only serious dental caries before relatively modern times were around the gums, usually starting at about age 30 years when the gums recede and expose the roots of teeth.  


(In discussing how caries is a modern problem, I am ignoring two other important factors.  In order to have serious caries, two other things are needed [other than fluoride deficiency].  The first factor is acid making bacteria.  Bacteria free teeth will not decay.  The second factor is sugar.  The bacteria need sugar to overwhelm the natural defenses of teeth.  Sugar was popularized at about the same time as caries increased, and there is surely a connection.  A good book on that is "Sugar Blues" by William Duffy.  There are two reasons why I ignore sugar and bacteria and focus only on fluoride deficiency.  First, you really can not do much about the sugar and bacteria.  Second, it takes all three to get caries.  In Dr. Glenn's group virtually none of the children had dental caries.  It is a good bet most of these kids are regular kids, with plenty of bacteria and plenty of sugar.)


How does fluoride fit into the food chain?  In a nutshell, the ocean is rich and rainwater is poor.  This shows up dramatically in the fluoride content of the bones of the animals.  Land mammals have about 500 ppm F, sea mammals 5,500.  (Handbook of Geochemistry.)  Sharks have teeth that contain pure F-apatite, a rock mineral that is about 38,000 ppm F.  Human teeth from Dr. Glenn's experiments with prenatal fluoride, which have about 4 times as much fluoride as "normal" teeth, and are probably on the verge of fluorosis, contain about 350 ppm.  As far as evolution and fluoride goes, if we came from the sea, "we've come a long way, baby".


The very first animals in our general family - vertebrates - may have started with teeth, not backbones, as their first calcified tissues.  (See Discover, Jan 1993, pg 67.)  What makes us vertebrates special is that we grow bones inside our bodies.  Bone "consists of living cells embedded in a matrix of collagen fibers (the stuff of cartilage) and calcium phosphate. Vertebrate cells can also produce a shell like substance called enamel, which coats teeth."  The little critters featured in the story have a little tail to swim with, great big bug eyes to see with, and lots of tough little teeth to eat with.  These were very efficient and wildly successful animals in their time.


I do not know much about evolution, but it seems like somewhere I was taught that animals often start with one organ or body part that they have and somehow it changes a little and becomes useful for some other purpose.  For example, our hands, long ago, used to be fins, and before that they might have been a scale on the outside of a fish.  It is my impression that that is how it works.  If so, it is possible that most of our other connective tissues are evolved from our tooth making processes.  All these other tissues are laid out in the first two months, before the teeth are laid out in the third.  The other tissues could be somehow split off from tooth development.  All (or at least most, and including the teeth) important systems in vertebrate animals are created by cells that migrate from the back bone area early in embryogenesis.  I think the most important job of these migrating cells is to lay out the right kind of matrix.  Almost any cell can make almost any organ if it has the right kind of matrix.  (I think most of this last part is true, but I can't remember the sources.)


(If you like this kind of thing, you might enjoy an article in Calcified Tissue Int, 29:47, about teeth and evolution.  Regardless of evolution, teeth and other organs form in substantially the same way.  If you look at almost any textbook on how organs grow, the example that is used is a tooth.  The most relevant example is called, "The Cell Surface in Embryogenesis and Carcinogenesis - Common Mechanisms", by EJ Sanders, 1989.  A good example of a matrix molecule being used to slow things down - in this case keeping one group of cells from changing until another group of cells move into place - is Toole BP, 1977.  "Cell and Tissue Interactions", Lash JW ed, page 139.)


I can not find any studies on fluoride up and down the food chain.  A study by Trautner, 1986 (Arch Oral Biol 31(4):223) is about as close as I could get.  Seaweed flour was about 1,000 ppm, and from that I assume most ocean plants are fairly rich in fluoride.  Here in Hawaii there are people working on growing ocean fish on "farms".  When they switch the fish (mahi mahi) to artificial diets like grain, the fish get birth defects in the hard tissues around the head and gills.  A source of folic acid (beef liver) clears up about 90% of this.  The water is regular ocean water.  I asked them to try fish bone meal or other fluoride source, but they got a little testy.


If you look on the label of foods, you will not see the fluoride content any more than you will find the lead or mercury content.  However, in dental literature it is possible to find the fluoride content of some foods.  This will take us a page or two, but we want to try to see how much fluoride modern humans normally get.


For our purposes, I converted fluoride content to how much fluoride there is in 2500 calories of each food.  (That is about how much food a pregnant woman eats each day.  The general idea of looking at nutrients per calorie instead of per pound is from John A. McDougall, MD.  See "The McDougall Plan".)  In order, here are 8 foods, in mg F per day, in 2500 calories of each food:  


margarine   .003, 


sugar       .04, 


whole milk  .04, 


muscle meat .11, 


modern grain products .26, 


prepared potatoes    1.1, 


leafy vegetables (hospital greens) 1.75, 


and the big one, canned salmon    10.36.  


When considering the total fluoride intake, beverages must be considered.  If the beverages are made with fluoridated water, or if tea is drunk, this will add up to more fluoride than what we see in modern foods.  In one of the most detailed studies on fluoride intake (the Taves study below), beverages other than water added 1.4 mg of F, making the daily total 1.8.  Foods alone, as served in a hospital, only gave .4 mg.  The RDA for fluoride for adults is 1.5 to 4 mg F per day. 


(Sources for F content of food:  Taves, 1983.  Brit J Nutr 49:295.  In stronger flavored leafy vegetables like celery leaf and parsley leaf, others have found about 5 times the F content given for vegetables above.  Schamschula, Acta Physio Hung 72:217.  I did not calculate how much spinach it takes to make 2500 calories, but we should assume it would smother an entire salad bar.  RDA's, 9th ed 1980, Nat'l Acad Sci. The RDA's come from observations about like Taves' hospital study.  When the RDA says 1.5 to 4 mg F, they do not specify the source of the fluoride, but in the future this important difference will probably be sorted out.  The best way to do it is to use "NaF equivalents", which is the type of fluoride used by doctors.  Water fluoride and beverage fluoride are about the same, and equivalent to NaF.  The big difference is the food fluoride.  For practical purposes it is about one third as bioavailable.  [See the Trautner article above.])  


(Let's compare the current invention to these folks eating hospital food in a fluoridated area.  To be accurate, let's convert everything to NaF equivalents.  They are getting .4 mg in food.  If we divide this by 3, to account for food fluoride not being as bioavailable, we get about .1 mg as the food fluoride.  For beverages add 1.4, making 1.5 mg.  Taves did not count the water, so let's add in an estimate.  A glass of fluoridated water is .25 mg, and, to be on the high side, let's assume you drink four glasses a day.  That would add 1 mg, for a total of 2.5 mg.  The invention would add .5 mg, making the total 3.0 mg in a fluoridated area, assuming a goodly water intake.)


In the Taves article above, the fluoride in modern hospital food was .4 mg per day.  Most of this food fluoride, about 85%, was from vegetable sources.  (You can see that if you did not eat your vegetables, and did not have fluoridated water or beverages made from it, you would not get much at all.)


Let's go back to our hunter and gatherer ancestors.  Water fluoride could have added to the total fluoride intake, but in general I do not think that was nearly as important as the food fluoride.  Most primitive people probably drank surface water which is generally low in fluoride.  Even most shallow wells are also low.  Highly fluoridated water generally comes from deep wells, often down in old seabeds.


However, there is a group of modern hunters and gatherers, who between water fluoride and food fluoride, got enough fluoride to cause fluorosis.  This was in the South Pacific, in the Austral Islands.  "The inhabitants of the Australes and Savaii continue to eat traditional Polynesian food.  From this, particularly fish, taro root, and coconut, they absorb sufficient dietary fluorides to produce slight mottling of their permanent teeth.  A recent survey (1970) of the school age population of the Australes show an incidence of 90% of mild white flecked fluorosis and of 6% moderate brown flecked fluorosis."  The author was also comparing the teeth of the natural-living islanders to the teeth of Tahitians who had a more modern diet.  The saddest of the modern cases was a bevy of beautiful teenaged girls who had no teeth left at all.  


(The source is Baume, 1970.  Arch Oral Biol 15:431; and Indent 1(3):36.  The water fluoride level was .5 ppm, which is termed "moderate", but it is quite high relative to most easy-to-get water. "Low" water fluoride is from 0 to .3 ppm, "moderate" is from .3 to .7, and "fluoridated" is from .7 to 1.2.  Artificially fluoridated water is usually 1 ppm.  If the water fluoride is much higher than 1 ppm, it starts causing fluorosis.  See any book on fluoride for more details on water fluoride.)


Let's close this section on fluoride deficiency in hunters and gatherers with two sort of funny citations that really do not mean anything.  If you would like to see some hunters and gatherers eating bone marrow, look in National Geographic, Nov 1989, pg 677.  It is a group of pygmies who have just killed an elephant.  To tie in your genes to the genes of these pygmies, there is even a citation for that.  In Discover, June 1991, pg 24 there is a story by James Shreeve entitled, "Madam, I'm Adam".  It tells about these pygmies (well, their ancestors) being the best candidate for being "Adam" - the common ancestors of all modern human males.  (To go with the hypothetical "Eve" based on mitochondrial DNA.  The detective work that led to these Adams was done on the Y chromosome.)


3.  Animals get plenty of fluoride from food.  Food fluoride is available for both plant and animal eaters.  Grazing cattle get about 9 to 18 mg per day per 125 pounds of body weight.  Horse chow provides about 17 mg per 125 pounds per day.  If you convert these to NaF equivalents (divide the food fluoride by 3), you get about 5 mg F for the body weight of a woman.  This is 5 times more than what Dr. Glenn prescribes and 10 times more than the invention.


(Sources: Cattle from Newell 1958, Am J Vet Res, Apr:363.  Horses from Shupe, 1981, Am J Vet Res, 42(6):1040.  Grazing animals have even been known to eat bones when on poor pasture, but it is assumed they do it for the phosphorus.  McCollum, "A History of Nutrition", pg 337.)


For animal eaters, the assumption is that they get fluoride from the bones of their prey.  I could not find anything really good in this area, but here is an interesting story about meat eating zoo animals.  (This story is a little out of context.  It comes out of a discussion about rickets, which is from a lack of vitamin D, which is in the cod liver oil mentioned.  Source is McCollum, as above, on page 271.)  In 1889 there were problems with bone deformities in lion cubs, mostly from rickets. "Sir John Bland-Sutton recommended that lion cubs be given crushed bones and cod liver oil in addition to lean meat which had hitherto constituted most of their diet.  The results of this test were dramatic.  For the first time lions born in captivity were reared without deformities so severe that they were unfit for exhibition."


Commercial foods for meat eaters like dogs tend to have "meat and bone meal" in them.  The recipes are proprietary, but a typical dry dog food contains about 12% meal, and the meal in turn contains about .05% F.  That adds up to about 1.4 mg of F in a pound of dog chow.  One brand of dog food, Alpo (trademark), that has bone meal, proudly states in a trademark that it has been proven to produce seven "Generations of Healthy, Happy Dogs".  They mention strong teeth and bones, and meat & bone meal is first in their list of the ingredients that they say make a difference.  (They may be trying to distinguish themselves from a new type of dog food being sold by veterinarians.  It uses chicken meal, which is far lower in fluoride.  Trautner found that cow bone meal is 850 ppm F, where as chicken bone meal is only 150.)


As we conclude our fluoride deficiency section, I hope you can believe two things:  Modern humans get considerably less fluoride than either animals or early humans.  And that at the very least they have dental caries to show for it.


What is a birth defect?  Let's start with how the jawbone of your child should look if all goes well.  It should look like a semi-circle, the shape of a rainbow.  Anything less than that, to me, is a birth defect in some sense.  Our goal as parents is to let our kids grow into the best they possibly can, not just avoid blatant problems.  However, what we will use is a more standard definition, which simplified, is a "closure" defect.  If the jaw gets so narrow there is an open seam - a cleft palate or lip, that is a birth defect.  


I have not studied the structural details of most birth defects.  It is my opinion, based on some pretty casual skimming, that almost all common birth defects are closure defects.  They seem to be formed when several tissues all have to get to some closure point at the same time.  If one tissue doesn't make it, eventually there is a permanent opening through that tissue, and that is a birth defect.


The one factor about birth defects that is well established is timing.  There is a time for each closure, and there is no going back.  For example, the upper lip closes at about the 42nd day after conception.  If the lip does not close, that is it.  A fetus can no more go back and regrow that lip any more than you or I can grow a new hand.  Growth in an embryo is very much like the arrow of time.  It only goes in one direction.


(The timing is especially well known in experimental animals.  See Druckrey H, 1973.  Xenobiotica 3(5):271.  On page 300 there is a graph showing the days on which each particular birth defect can be induced.  For example, eye defects can only be induced during a 24 hour period on day 10 in rats.  A few days later, during a 36 hour period, arm defects can be induced.)


If you want to read about birth defects, there are two extremes in sources.  Nutrition nuts like myself like books like "Developmental Nutrition", by Dr. Lucille Hurley.  (And not far away are the ones about drugs that cause birth defects, like "Drug Effects on the Fetus", by Dr. H. Tuchmann-Duplessis.)  The gist of these books is that birth defects are avoidable - by eating good food and by avoiding drugs that cause the effects.  (Both of these books are a little dated, Hurley's is 1980 and Duplessis' is 1975, but they are still excellent.)  If you are planning a family, the prevention approach will be far more valuable.


An example of the other extreme is "Reproductive Risks and Prenatal Diagnosis", by Dr. Mark Evans, 1992.  Here, in a brand new book, you can read all about birth defects, and not find a single word about folic acid or any other nutrient being important.  Here the emphasis is on the known genetic causes (roughly 15%) and the great unknown (about 70%).  If you have had a birth defect in your family, this approach will be far more comforting.  According to the March of Dimes, birth defects occur in 1 out of every 14 births.



The structure of "matrix" has profound effects on both birth defects and cancer.   Let's start with what matrix is.  In a very general sense, matrix is sort of like plastic to the body.  It is made by cells, and molded into various useful shapes.  


Most of it is made from collagen, a protein that starts off as fibers.  Cartilage is the best known collagen.  If matrix is hard and it is not collagen, it is probably the other main type, keratin.  Keratin tends to be more sheet like (when you look at it up close).  Fingernails and hair are keratin.  There is also a lot of soft, gooey matrix, that never does harden.  Pretty much everything that is part of the body that is not cells is matrix of one kind or another.


Our bodies are made of jillions of cells, of course, and everywhere there is matrix.  On the outside we are covered with hair, nails, teeth, and skin.  Our various openings are lined with mucous membranes.  Our muscles are connected with ligaments, and attached to bones and cartilage.  Our organs are each in a little net like bag of connective tissue.  Probably the most highly evolved part of the connective tissue is the blood stream itself, a virtual river of liquid matrix.  Probably the most interesting today is the nuclear matrix.  Inside our cells there is a microstructure of matrix.  The organs of the cells are made of it, and the DNA of the nucleus is surrounded by a superstructure of it.  Apparently this nuclear matrix partly controls which genes turn on and off and when.  I think every single cell in the body is attached to the matrix somewhere, at least for most of the cell's life. 


(A citation on nuclear matrix is Science 259:1257.  A good general article on collagen formation is Kivirikko, 1970.  Intl Rev Con Tis Res 5:93.  See also "Fibrosis", Ciba Foundation Symp 114, 1985.  On page 35 there is an excellent drawing showing when and where each piece fits together.)


One obvious function of matrix is structure and stiffness.  But there is so much more.


The most interesting to me (and to this invention) is signals.  Everywhere cells are doing something that requires a little organization, matrix is there.  The two big functions that require the most organization are wound healing, and of course, embryogenesis.  


The first thing that happens when a wound is healing is the formation of a scab by matrix molecules called fibrin.  It is starting to look like everything that follows is directed by signals from the matrix in the scab after it hooks back into the body's matrix network.  There is an amazing article about this in Science, 252:1064.  The signals call the cells that are needed to come and start rebuilding the skin.  Other signals keep the cells working only where they are needed, and not building new skin at random.  The matrix starts, co-ordinates, and stops the growth by the cells.  


The formation of the embryo is a story of cells and matrix.  Don't worry, I am not going to try to tell the whole story, even if I could.  Just one or two examples.  


Let's start with a fertilized egg.  (This leaves out the most interesting part about how an egg cell and a sperm cell even have a chance to get together in the first place.  There are also a lot of interesting matrix stories in the early phases.)  


The egg cell is just packed with matrix molecules and structures.  This one cell divides into two, two into four, and so on.  One interesting fact is that until there gets to be a few dozen cells, the individual cells are, well, dispensable.  A cell or two can be removed from the original 8, and not have a noticeable effect on the finished product.  


(This removing of cells is done for testing for genetic defects.  See Discover Feb 1992, page 14, about the work of Dr. Alan Handyside.)


On the other hand, what happens if the matrix is not quite right?  In a wild experiment a leukemia gene was put into rat genes by a virus.  The place where the leukemia gene stuck onto the DNA was the collagen gene.  The effect of this was that no collagen was produced by the cells that had this gene (and no normal collagen gene).  During embryogenesis, the cells lived until day 13, which in rats is about when the embryo would normally start to grow legs and major organs.  Instead the embryo died. 


(Schnieke, 1983, Nature 304:315), 


The second example is also in very early pregnancy.  As an embryo grows, cells move around, in and on the matrix.  One of the earliest of these movements is by the primary germ cells.  Primary germ cells are the next generation.  In other words, if you are a pregnant woman, your child is the embryo growing inside of you.  The primary germ cells moving inside of the embryo are your grandchildren.   What is unusual about the move they make is that they will not move unless there are two types of matrix together for them to move on.  


(They need both collagen and fibronectin.  See Sanders, 1989, pg 42.  "The Cell Surface in Embryogenesis and Carcinogenesis - Common Mechanisms", by EJ Sanders, 1989)


If the primary germ cells are moved from their normal place on the matrix to an unusual place, they do a few unusual things.  They start forming cartilage, bone, hair, and teeth.  They become a type of cancer called "teratocarinomas".  


(Dr. Brian K. Hall, on page 197 in Sawyer's 1983 book, "Epithelial-Mesenchymal Interactions in Development".  Hall also wrote a good background book, "Cartilage".  For a wild connection between primary germ cells and matrix, see a chapter by Forsberg J, 1981, in "Developmental Effects of DES in Pregnancy", Herbst AL, page 7.  It sounds like the primary germ cells bring a type of matrix with them, and this matrix comes directly from the egg, as opposed to being made by the germ cell.  This matrix, which is apparently a major controller, lies next to the nucleus of the germ cell.  The original article is Beams HW, 1974.  Int Rev Cytol 39:413.)


What about birth defects and matrix?  Here is a quote from the National Institutes of Health.  It is a mouthful, so take a breath and read it slowly.  "Over 200 distinct disorders are recognized as being caused by mutations in genes that encode matrix proteins or in genes that ultimately affect the structure of the extracellular matrix."  


(NIH GUIDE. 21(12):21.  This is a magazine seeking grant requests.  Apparently many birth defect syndromes also have bones that mature out of synch.  Poznanski AK, 1977.  Birth Defects 13(3C):45.)


One of the challenges faced by the pharmaceutical industry is detecting which drugs might cause birth defects.  A group including Dr. George Martin, of the NIDR (National Institute of Dental Research), developed a rather simple and economical model to screen these drugs.  It is based on the relationship between matrix and cells.  As the cells move around in the embryo, they move through and along matrix.  These cells normally do things (like start changing into more specialized types of cells) at particular times and in relationship to each other.  To test drug effects, they did not have to grow whole animals and count defects.  All they had to do was put the drug into the mix of cells and matrix, and watch for subtle differences in timing.  


(In Vitro 1980 16(4):269.  A quick note:  Dr. Martin's specialty for many years was a nutrient called lysine, which tends to be a little shy in some diets.  It is one of the most essential of the essential amino acids.  It is also one of the 4 nutrients critical for collagen crosslinking.  We touch vitamin C, Mn, and  Fe, [and oxygen], but this is the only note on lysine.)


One of the drugs tested that "proved" the assay above was Thalidomide.  I will try to get to the full story of Thalidomide later, but for now let's just connect it to matrix and move on.  Thalidomide changes the relationship between DNA and matrix.  It stimulates DNA synthesis, and inhibits an enzyme system essential to the development of collagen.  


(See Tuchmann-Duplessis, "Drug Effects on the Fetus", page 71.  For a picture of Thalidomide going straight to the fetal skeleton, see "Fetal Pharmacology, 1973, in the section about autoradiography by Ullberg, page 62.)


(For a cite on how genes can be directly affected by the embryonic skeleton, see McDonald SA, 1989.  Dev Biol 133(1):221.  It looks like the mineralization of the bone is a controlling factor, via genes that make collagen, as far as which type of collagen gets made next.)


Almost all of the chemicals used to treat cancer have interesting matrix effects.  Most of them tend to stop the matrix from maturing.  One of my favorites is CPA, but I will make this short and sweet.


CPA (cyclophosphamide) is our all-purpose matrix chemical.  It causes birth defects, causes leukemia, treats leukemia, and causes bones to close their growth plates prematurely.  One of the most amazing experiments was with mice that would normally get leukemia  (AKR mice, they get it "naturally").  In these mice the CPA prevented 76% of the expected cases of leukemia.  In regular mice CPA causes leukemia in 46% of the mice.   


(I can not explain all of this pushing and pulling of the matrix timing, but it is clearly connected to the birth defects and cancer.  The AKR mice experiment:  Petru E, 1989.  Cancer Let 44(3):221.  Bone effects:  El-Rehim MA, 1980.  Acta Anat 107(4):384.)


(Here is a short laundry list of other chemicals that cause matrix effects and birth defects with one citation each.  All are by Diewert VM, and all are in Teratology.  DON - diazo oxo norleucine, causes clefts by delaying cartilage  20(1):37.  BAPN - beta-aminoproprionitrile causes clefts by inhibiting crosslinks in new collagen   24(1):43.   6 AN - 6 aminonicotinnamide causes clefts and tooth deformities by delaying palate closure  19(2):213.)


In the news a lot lately is a risk factor for leukemia, electric fields.  The studies of power lines, appliances, etc have gone both ways, but one electric field effect seems very real: the use of electric blankets in early pregnancy.  Electric fields are known to speed up the growth of soft bone matrix and are used in healing broken bones.


(I have lost the citations on electric fields.  The author of the blanket study was Savitz.)


Many of the genes that cause cancer (oncogenes) are related to matrix.  In 1981 Sandmeyer infected chicken cells with Rous sarcoma virus.  The first noticeable result in the cells containing the cancer gene was a reduced output of collagen, which seemed to be caused by a reduced use of the collagen genes.       


(J Biol Chem 256(10):5022.) 


Another oncogene, which causes leukemia, normally makes part of the nuclear matrix.


(The myb oncogene.  Lipsick JS, 1986.  Gene Amplif Anal 4:73.)


There is an excellent general article on collagen called, "Structurally Distinct Collagen Types", by Dr. Paul Bornstein, 1980.  On page 989 he discusses the collagen made by cancer cells.  There does not seem to be a difference in the collagen as it is made inside the cells, but it does appear differences occur as the collagen strands are connected with crosslinks just outside of the cells.


(Ann Rev Biochem 49:957.)  


The next two articles were quite a bit over my head, but we can learn from them.  In 1988 Vlodavsky supported the general idea that matrix may influence where cancer grows.  Some areas of matrix may be of a different quality, and better for cancer growth.  In 1990 Peretz goes a step further and says that what the cancer cells breakdown as they invade matrix is the crosslinks.  (The heparin sulfate side chains leading to the crosslinks.)


(Israel J Med Sci 24:464.  Int J Cancer 45:1054.)


The oldest citations on cancer and matrix come from the 1800's.  Dr. Rudolf Virchow is still famous today for his biologic principle, "omnis cellula a cellula", or, in English, "only from cells come cells".  The cellular theory of cancer is the most dominant thought today.  Stated simply, it is that any cell can become cancerous if (mis)treated properly, and then it will grow and divide and create cancer.  This theory started with Virchow.  However, Virchow's first theory, which he never gave up on but could not quite express, was his "connective tissue theory of cancer".   He thought that connective tissue was the main germative center of the body, and that cancer arose from connective tissue.  


(See book by E H Ackerknecht, 1953.)


Virchow's best student was Dr. Julius Cohnheim.  His book flat out sends chills up and down my spine.  The old English is a little rough to read, but in it I see much of the theory that I am working on 100 years later.  


("Lectures on General Pathology", translated by A B McKee, 1889.) 


Cohnheim's definition of a tumour has 2 parts.  First, there is a departure from the normal type of matrix.  Second, there is a congenital predisposition.  He thought the predisposition was caused by subtle changes in timing and growth between the tissues as organs are formed early in pregnancy.  He also believed that growth was largely directed by connective tissue.  Part of his observations was that the location of tumours tended to be at embryonic seams where growing tissues meet.  


(Historically speaking, the first successful "creation" of cancer fully verified Cohnheim's theory.  The cancer was created by taking fetal cartilage and implanting it into an adult rabbit.  See page 761.  Another historical note is that Cohnheim is not credited with figuring out the way that cancer spreads - "metastasis".  That credit went to others about 10 years later.  However, to me his descriptions are incredibly visionary and I think he deserves the credit.)  


In another section of the book there is an important piece of prior art.  This is on page 636; the tumour section used was 755-795. Cohnheim mentions the need for bone minerals during pregnancy.  He says that the only time the need is great enough to cause problems (like bones not being able to direct their healing with soft matrix formation) is during pregnancy.  


(Prior art notes:  As close as this clearly is, Cohnheim does not mention fluoride specifically as one of the bone minerals.  Nor does he suggest in any way that the matrix problems of the mother in pregnancy relate to the matrix problems of the embryo.  He does not suggest that solving the nutritional deficiencies of the mother would help the embryo in any way, let alone prevent cancer.  A related note is that the first prenatal fluoride (Hunter's Pills) were sold in Cohnheim's country (Germany) at this time, and it was known that fluoride contributed to the health of teeth and bones.  See Cawson, Brit Dent J Dec 8, 1984:403.  There were two doctors named Hunter who were colleagues of Cohnheim, but I can find no connection between the Hunter doctors and the Hunter's pills.  These two doctors rose from agricultural beginnings to being obstetrician and dentist to royalty.)


Let's look at what some excellent cancer researchers (such as RW Miller) think is one of the best clues ever found in the cancer mystery.  DES (diethylstilbestrol) is a synthetic estrogen that causes both birth defects and cancer.  The most interesting part about the cancer is how it relates to matrix and some changes in the matrix that look a lot like pits and fissures of teeth.


In order for DES to have its cancer effects, it must be given early in pregnancy, before the 12th week at the latest.  The major discoverer of DES cancers wrote a book about how it happens.  In the chapter on what the embryonic vagina is doing during this time, he tells about a fusion of two tubes.  This fusion is controlled by the mesenchymal tissue.  The mesenchymal tissue is where the hormones act, and if they change the way it controls the fusion, that is the problem.  (DES not only causes cancer in this area.  Far more common in the DES daughters are all sorts of physical defects and mixed up cells.)


In further experiments, there were 3 results.  (For simplicity, I will use "bad" to mean treated with a carcinogen and likely to produce cancer.  "Good" will mean normal, untreated.  Also I will use "Mes" for mesenchyme, and "Ep" for epithelium, the very cellular tissue that covers the Mes.)  First, bad Mes  = cancer, even when good Ep is put on it.  Second, good Mes = no cancer, even when bad Ep is put on it.  And third, if cancer cells are run through good Mes, early in embryogenesis, the former cancer cells turn back into regular cells.


(The book is "Developmental Effects of DES in Pregnancy". Herbst AL, 1981.  The matrix chapter is by Cunha GR, on page 179.  The chapter is far more eloquent than my short summary, and the whole point of it is the importance of the mesenchyme.)


At least some of the chemicals that cause cancer also cause changes in matrix.  The closest prior art to the current invention is about one of these, DMBA.  


I have just started studying the work of a scientist, NP Napalkov.  Most of the work is in Russian and I can only give a partial account at this time.  Napalkov is a student of NN Petrov, who apparently thought cancer could be prevented during pregnancy.  The method was developed in about 1926 (about the time most of the vitamins were discovered).  The only description of the method is translated as "pregnancy hygiene" and I am not sure what was meant by that.  


(See Napalkov, 1976.  Vopr Onkol 22(11):23.)


Napalkov's work with DMBA, a potent chemical which causes a predisposition to cancer, caused him to make the  following generalization:  "Transplacental carcinogenic effects have been demonstrated for about 60 chemicals in eight animal species and even in the human.  Many carcinogens are much more active in the fetus than in the adult animal.  The stage specificity of transplacental carcinogenesis is characterized by the possibility of inducing tumors only at certain stages of embryogenesis (at the end of organogenesis and during the whole period of histogenesis)."  A quick note on a few of those fifty cent words.  "Transplacental" means the chemical is given to the mother and it then acts on the fetus.  "Organogenesis" is (I think) mostly the secretion of matrix into the general form of an organ, "histogenesis" is the next stage when the cells and matrix start forming the specific tissues of the organ.


DMBA causes a change in matrix.  Specifically, it causes keratin to be made in unusual places, places which have cancer.  The way that DMBA changes the matrix seems to be by making a slight change in the gene that controls whether or not keratin is made. 


(Winter, 1990.  Differentiation 43(2):105.)  


Others have gone so far as to say, "Alterations in the pattern of keratin expression appear to be a common feature during the development of squamous cell carcinoma in different systems and could be an excellent tool to study carcinogenesis and chemoprevention." 


(Gimenez-Conti, 1990.  Cancer Res 50(14):4441.)


One of the most remarkable pieces to this story is about the second generation.  The usual DMBA experiments are to expose pregnant mice to it, and then work with the first generation.  These mice are subjected to a second set of chemicals (like TPA) and the ones who were predisposed by the DMBA in pregnancy are much more susceptible to cancer caused by the later chemicals.  However, in one experiment, the offspring of the first generation were checked.  These second generation mice were also more susceptible, although not as much as the first generation.  


(Basic DMBA: Napalkov, 1987.  Carcinogenesis 8(3):381.  First report of 2nd generation effects:  Napalkov, 1987.  Cancer Lett 38(1-2):231.  Confirmation:  Likhachev, 1989.  IARC Sci Publ 96:81.  Also the next article by Mohr on page 93 mentions the 3rd generation.)


The closest prior art in preventing cancer comes from experiments using a nutrient to try to block the predisposition to cancer caused by DMBA.  In culture, adding increasing amounts of selenium resulted in a proportional depression in DMBA binding to DNA.  This same effect was seen in live animals fed selenium in their diets. 


The reason I call this the closest prior art is that it is the use of a nutrient to cause better matrix which therefore prevents a predisposition to cancer.  The nutrient - selenium - causes the better matrix by protecting the matrix genes from the DMBA.  The timing - in early pregnancy just as the organs are forming - is the same as in my model.  The other fundamental similarity is that my model also uses a nutrient to create better matrix and to therefore prevent a predisposition to cancer.  The main difference is the use of fluoride instead of selenium.  My model is also a little different - better crosslinks.  


(Ejadi S, 1989.  Carcinogenesis 10(5):823.  For similar experiments with another other nutrient - ellagic acid - see Singletary, 1989.  In Vivo 3(3):173.)


(More similar work is seen in work with pregnant hamsters.  As with the other animals, cancer cells can be caused in the embryo by various means.  In three cases, the cancer cells can be reduced by an immune system hormone [lymphotoxin].  Transformations caused by 99mTechnetium reduced 97%.  Transformations caused by diethylnitrosamine reduced 46% and 64% if diethylnitrosamine is followed by X-irradiation.  Ransom JH, 1983.  Cancer Immunol Immunother 15(2):126.)  


The structure of matrix has affected our evolution (or vice versa).  Simply by looking at how matrix fits in with evolution, some workers have deduced that matrix may influence how animals grow.  "During animal evolution, connective tissue has appeared simultaneously with organized multicellular life, that is with the first metazoa."  Generally speaking, it seems like every time there is a major change in how much cells specialize, there is a corresponding change in how matrix is organized.  Two other interesting points are about what has changed during evolution.  The main matrix molecules have remained remarkably constant.  However, the way they are organized has changed dramatically.  Each group of animals tends to have its own type of matrix organization.  


(See Garrone R, 1981.  "Connective Tissue Research" page 141.  If you want to go back earlier, to the origin of life itself, you might want to start with an article by Radetsky P in  Discover November 1992:74.  It does not cover matrix, but it does cover how a self-replicating molecule is key.)


An interesting reference about subtle changes in matrix having a profound effect on the way an animal develops is about bees.  Bee larvae normally develop into worker bees.  However, if they are fed a special food that is rich in vitamins and minerals they develop instead into queen bees, which are much different physically, behaviorally, and in their ability to lay eggs.  One of the effects of this special food, called royal jelly, is that it slows down collagen formation.


(Fujii A, 1990.  Jpn J Pharmacol 53(3):331.  I do not have a reference on it, but somewhere I read that fluoride is used by plants to make the tough coating on pollen grains.  Another reference said that changing the amount of fluoride early in the plant's life changed the shape of the pollen grain at flowering.  Seedlings were given extra fluoride for one hour, then treated normally.  Bale SS, 1973.  Can J Genet Cytol 15:703.  If royal jelly contains extra pollen as the source of extra vitamins and minerals, it may be higher in fluoride.  There is no reference on the fluoride content of royal jelly.  Royal jelly has been used experimentally to slow down tumor growth and prolong life in mice.  Tamura T, 1987.  Nippon Yakurigaku Zasshi 89(2):73.)


Fluoride has profound effects upon both the structure and function of matrix.  Structurally, fluoride makes matrix stronger.  Functionally, fluoride makes matrix that gives the rest of the body more time to mature.  First let's summarize what happens when matrix forms a tooth.  Teeth are organs, and like other organs they are formed by cells that are surrounded by matrix.  These cells in turn secret more specialized matrix that becomes the form of the tooth.  Much later this matrix gets filled in by minerals that make it the hard surface we know as tooth enamel.  As the minerals come in, most of the protein matrix goes out.  When the tooth is complete, it is made of mostly mineral (about 92%) but even then it is still part matrix.  About 8% of a tooth is a watery protein matrix.  The structure of a tooth is somewhat like a honeycomb filled with concrete.  


(One of the little inconsistencies of biology is actually seen in a tooth.  "Life" is more or less defined as living cells or at least living DNA like viruses that depend on cells.  The enamel of a tooth is just matrix and mineral.  No cells, no DNA.  Yet it is alive.  If it dies - from being cut off from the nerves - it changes.  Somebody will have some fun with this one someday.  Viruses are coated with matrix, and this matrix is the interface between the cells they infect and the virus.  Now I am not going to propose that we change biology's rules to say that the minimum requirement for "life" is matrix, but keep your eye on this.)


Getting back to teeth formation, most of the matrix formation is during pregnancy, starting about the third month.  During the matrix secretion, teeth will take up far more fluoride than they will at later stages.  There are four big differences between teeth with and without fluoride during matrix formation:  Caries.  Looks.  Shape.  Timing.


The differences that people enjoy the most are that these teeth do not get dental caries and that they look absolutely gorgeous.  One of the early reports on prenatal fluoride, by Dr. George Feltman, described PNF teeth as, "opalescent, highly glistening somewhat like the inside of an oyster shell, with shallow, well fused grooves and fissures".  


(Feltman G, 1961.  Journal of Dental Medicine, 16(4):190.  Another quote on how nice fluoride teeth look is from the World Health Organization in 1970, page 347:  "It could hardly fail to escape the notice of investigators in fluoride-rich districts how greatly the appearance of the teeth differs from that in fluoride-poor districts.  In fluoride-rich districts the teeth have a fine lustre, which tends to be yellowish rather than bluish, lower cusps with flatter slopes, and wide, easily visible sulci [fissures]."  Most people born after 1962 had fluoride one way or another.  The fluoride started at birth, from either fluoridated water [about half the US] or from pediatrician's use of vitamins with fluoride in the non-fluoridated areas.)  


If you look very closely (with an electron microscope) at the surface of the enamel, you can see what is probably the basis for the good looks of the teeth.  With fluoride, the surface looks about like a piece of well worn granite.  The teeth formed in the normal way without extra fluoride look more like scaly limestone.  (Source:  Glenn, 1984.  J Dent Child 51(5):344.  Also LeGeros 1985.  J Dent Res 64(3):465.)


The third and most phenomenal difference is in the shape of the molars.  Fluoride prevents "pits and fissures".  Let us cover just what that is.  


The shape of a molar has about 4 or 5 bumps (cusps) with valleys in between.  There is usually a "fissure", a deep groove that runs along the center of the valley.  Where two valleys meet, if both have fissures, a "pit" is formed.  Almost all modern people have pits and fissures. 


It has long been noted that teeth formed with fluoride tend to have less of the pits and fissures.  In 1984 the Drs. Glenn did the first real statistical report on this.  They tested 100 children with and without prenatal fluoride for the presence of "pits and fissures".  Only 2 of the prenatal fluoride children had pits and fissures.  Not so lucky were the regular children.  Out of the 100, 97 had deep pits and fissures.  There are pictures in the article showing how the teeth looked. The fluoride teeth look like a landscape from Kentucky covered with snow.  The regular teeth look like a moonscape.  A point that will be important later is that these children - the test group with prenatal fluoride and the controls - all lived with fluoridated water.  The fluoridated water did not provide enough fluoride to prevent the pits and fissures.  


(Source:  J Dent Child 51:19.  If I may take just a moment for "credit", it was this paper by the Drs. Glenn that helped me more than any other single thing.  We should also note that defining "pits and fissures" is like defining the shape of a perfect apple.  Everyone knows a good one and a not-so-good one, but it is a little tricky on the borderline.  The Drs. Glenn are clearly trying to say fluoridated water is not enough, particularly during pregnancy, and that most of the children still show some lack of fluoride in the shape of some of their teeth.  However, they are not saying there is no positive benefit from just the fluoride from the water.  If we look at their findings on how many teeth are pitted badly enough to catch an explorer, the results are not as drastic.  [An explorer is that sharp little pick that is used to find small holes in teeth.]  Looking at the primary molars, which are formed in pregnancy, 28% of the teeth had a pit big enough to catch the explorer.  In the first permanent molars, which are formed very close to birth, only 9% of the teeth would catch the explorer.  This would indicate that after the children were born, most of them were getting enough fluoride to prevent frank defects in their teeth.  [In the PNF kids, none of the 1,114 molars, primary or first permanent, had any holes big enough to catch the explorer.]  Let us also look at another report on pits and fissures.  The Aasenden trial [on infant fluoride] showed the results from 3 groups:  the control group, with no extra fluoride from any source, the infant supplement group that got .5 mg F, and the fluoridated water group who got fluoride from the water.  What they looked for was "atypically shallow pits and fissures" [in some teeth], which is not quite as demanding as the complete lack of pits and fissures [in all teeth] that Dr. Glenn looked for.  Under this less stringent definition, all of the groups showed some children with better than average shaped teeth:  control group 4.3%, F H2O group 23.9%, and F from birth group 47%.  Aasenden & Peebles, 1974.  Arch Oral Biol 19:321.)


Preventing pits and fissures is a tremendous change in the shape of a tooth.  Pits and fissures are deep canyons that go all the way through the protective enamel, right down to a layer that is called the "basement membrane".  As it sounds, the basement membrane is the core, or center of tissues.  It is the first membrane made when an organ is grown, and all of the other tissues grow out in opposite directions from it.  In your skin, the basement membrane is under the first main layer of skin (between the epidermis and the dermis). 


We have looked at the first three effects of fluoride on matrix, caries, looks, and shape.  The fourth effect of fluoride on matrix is on timing.    


The most obvious effect of this is in when teeth erupt.  What I see in my own children is very late teeth, which I think is from prenatal fluoride.  Unfortunately, there is not a good statistical report on this.  About the best we have is a comment by Feltman (earlier cite) about teeth in his prenatal fluoride group.  He found "a delay in the eruption of the teeth, in some cases by as much as a year from the accepted eruption dates".  


(There is a good review of fluoridated water having a moderate effect on slowing down eruption.  See Kunzel, 1976.  Caries Res 10:96.  There is also a high fluoride experiment with rats, which caused some of the processes of tooth development to be retarded.  See Bhussry BR, 1959.  J Dent Res 38(4):653.  In some vitamin D deficient rats, the same author showed dentine matrix to be retarded by adding fluoride.  J Dent Res 39(4):673.  The best article about fluoride slowing down individual teeth proteins is by Dajean, 1989.  Arch Oral Biol 34(6):413.  We'll come back to this later.  We should also note that the effect I am looking for is not so much slowing down matrix output, or something obvious like that.  What I want is that the cells or the tissues that the matrix is controlling is moving, or maturing, at a slower speed.  No one has ever said slowing down matrix production itself was good for teeth.  In fact, we should emphasize the opposite.  For example, one author notes that vitamin A deficiency causes a "great reduction in the rate of organic matrix formation", vitamin C deficiency causes dentine deposition to stop entirely, and vitamin D deficiency causes a "retardation in the formation of dentine".  All of these effects are bad for teeth.  "Modern Nutrition in Health and Disease" 7th ed, page 1073, Shils ME, 1988.)


This "slowness" is the most important part of my fluoride theory.  When teeth are slow, what that is is relative slowness.  In other words, one part of the body - the teeth - is maturing more slowly than the rest.  The kids with prenatal fluoride are "normal" in a general sense, their teeth are just a little slow.


The opposite of relative slowness is overall slowness.  Some children do not make enough of an important general hormone and have a condition called Growth Hormone Deficiency.  This causes dwarfism and other serious problems .  These children are retarded "all over", especially growth wise, and also have teeth similar to what we see from prenatal fluoride.  There are no pits and fissures, and the eruption of the teeth is delayed.  Interestingly, the teeth are generally caries free as well.  


(See Nikiforuk, 1971.  J Dent Res 50(2):518.  See also Bigeard L, 1991.  J De Biologie Buccale (French) 19(4).)


The closest thing we see to "all over" slowing down from fluoride is in premature births.  Prematurity was reduced from about 13% to about 2%.  


(Glenn, 1982.  Amer J OB Gyn, 143:560.   We should bear in mind these results are preliminary and contradict the standard theory that prematurity is caused by infection.  However, preventing prematurity is not pathological all over slowness.  This is slowing things down to the natural rate.  What I think is happening with prematurity is that fluoride is being built into the matrix of the fetus, and the result is slowing down the maturity of whatever causes premature birth.  Just like fluoride slows down the eruption of a tooth, it is slowing down the "eruption" of the newborn.  Unfortunately, I do not have a clue as to what is specifically happening.)


(Claims note:  I am not claiming the prevention of premature births as part of this invention.)


(We will not cover prematurity elsewhere, so let's hit it real quick here.  Prematurity is an extremely important problem.  Not only is it the single most important factor in whether or not an infant lives or dies, it is also tied to a whole range of problems from blindness and deafness to mental retardation.  There is a tear-jerker movie, "Baby Girl Scott" with John Lithgow, about what parents have to go through with a very, very premature child.  For a medical journal article saying prematurity is bad, see McCormick MC, 1985.  New Eng J Med 312:82.  I suggest prematurity is a nutritional problem, but if you would like to see the other viewpoint - that it is caused by infection - see Mueller-Heubach E.  Ob Gyn 75(4):623.)


(Two wingers that are related to prematurity are near-sightedness and heart disease.  RW Miller [1963, J Chron Dis 16:31] found that low birth weight children - under 2500 g - had about twice the frequency of myopia - 10.7% versus 3.8%.  DJ Barker [Lancet Sept 1989;2(8663):577] found about twice the rate of heart disease in people who had low birth weights and low body weights at age 1 year.  See also Garza C, 1990.  J Ped 117(2)part 2:5125.)


(As background, fluoride is known to slow down both enzymes and cells in culture.  The best discussion - about 50 pages on each topic - is Smith FA, 1970.  "Pharmacology of Fluorides" (part 2).) 


About the closest reference to fluoride specifically slowing down part of the tooth is with excess fluoride causing "the deposition of enamel matrix [to be] retarded."  This dose and effect is more pathological than normal, but the context is important.  It was in experiments showing that fluoride "decreased the depth of [fissures in rat teeth]".  


(Kruger BJ, 1962.  "Trace Elements and Dental Morphology" Pap Dep Dent Univ Qd 1:101.  A summary can be found in J Dent Res 41:215, and a related 1970 paper is Arch Oral Biol 15:109.  In these papers Kruger shows some pretty interesting changes in the shape of teeth with fluoride, boron, and molybdenum.)


One of the people that started with Dr. Glenn's article on fluoride preventing pits and fissures, and seems to have deduced from that the principle of fluoride slowing down the dentine, is Dr. Leung.  (His work with birth defects and fast teeth is covered elsewhere.)  He cites a paper showing that fluoride enters the enamel from the blood stream, through the dentine.  If the fluoride is given to infants, at normal doses, the dentine gets about 155 ppm compared to about 103 for the enamel.  The teeth this is measured in, the baby front teeth, are already formed at birth when the supplements start. 


(Bervenmark H, 1974.  Acta Paediat Scand 63:232.)


Generally speaking, dentine is higher in fluoride than the enamel is, by about four times.  And dentine usually will take up fluoride quicker than enamel will.


(Content 4x: Moller IJ, 1982.  Int Dent J 32:135.  Dentine quicker: Smith FA, 1966.  Pharmacology of Fluorides", page 151.  Dentine, in a physical sense, leads the enamel as both are laid down.  One of the best pictures is on page 102(C) in Hurmerinta K, 1979.  J Embryol Exp Morph 50:99.  The moving front almost looks like a breaking wave.  This reference also shows what one of those interesting chemicals, DON, does to matrix.  DON completely prevents the cells that would normally get organized and secrete dentine from getting organized.)


Let's also take a quick look at some of the effects fluoride has on bone matrix.  Fluoride is clearly taken up by bones, early in their formation.  It has been shown that fluoride is taken up by cartilage, as it starts to calcify, and in proportion to how much it will eventually calcify.


(Smith FA, 1966.  "Pharmacology of Fluorides", page 115.)


Another fluoride effect on matrix that is sort of general, and certainly long term, is the effect on osteoporosis.  Osteoporosis is common in older women, and it is when the mineral part of the bone is reduced.


A study up in North Dakota found that in areas with high fluoride in the water had less osteoporosis, compared to nearby areas with low fluoride in the water.  The high water was 4 to 5.8 ppm.  


(Remember, regular fluoridated water is about 1 ppm.  Even 1 ppm can be too much for an infant who is being fed powdered formula.  With powdered formula all of the infant's food comes mixed with tap water.  About a fourth of infants fed like this will have white spots that are big enough to see.  If an infant got powdered formula with the 5 ppm water of this North Dakota town, his or her permanent teeth would probably have ugly brown stains all over them.  See studies by Forsman B, Scand J Dent Res 85:22, and Community Dent Oral Epidemiol 2:132.  However, 5 ppm water for adults, and particularly pregnant women, is probably about right.  A glass of water a day would give about 1 mg F, which is what is usually prescribed in pregnancy.)


X-rays were taken of about 1,000 people in the two North Dakota areas.  In the low fluoride area, about 30% of the women over age 65 had one or more collapsed vertebrae.  In the high fluoride area, it was less than 10%.  There was another finding.  The hearts of the people who lived in the low fluoride area tended to have more calcified vessels.  It is tempting to say that fluoride helps the body's matrix to tell the difference between hard and soft tissue.  That fluoride causes calcium to go where it is supposed to - the bones and teeth - and stay away from the blood and soft tissues.  While these osteoporosis effects of fluoride, assuming they are true, can not be tied to pregnancy, the only studies that have really shown them did include fluoride during pregnancy.  Other authors say the effects are at least long term.  Very high doses of fluoride have been used to treat osteoporosis, but with mixed results even after quite a few years.  Some long term studies with regular fluoridated water have shown small improvements, others none.


(Osteoporosis:  Bernstein, 1966.  JAMA 198(5):499.  Most significant bone results in women over 65 years, p <.01.  Generally nonsignificant in males.   Calcification of abdominal aorta more significant in males, ~35% in high F, ~60% in low, P<.01.  One of the recent concepts of fluoride treatment of osteoporosis is that the fluoride seems to move calcium and bone hardness to the backbone at the expense of the hip bones.  A fractured hip is more serious than a collapsed vertebra.  Bernstein's article did not cover the health of the hip bones.  For a recent review of various forms of F for osteoporosis, see Ziegler R, 1991.  Ther Umsch 48(2):84 [German].)



How - exactly - does fluoride affect the matrix?  I can not give you a great answer here.  In this section I will tell you what I believe to be true, but there is no proof.  If we "place" the fluoride molecule at the center of the crosslinks between strands of matrix, it answers a lot of tricky questions.


The first question is, "How does fluoride cause fluorosis in teeth?"  These are white spots which have too much protein.  That is, as the protein matrix was supposed to be leaving to make room for the mineral, it did not.  Right as the matrix is leaving is the absolutely most sensitive time for the teeth to excess fluoride.  (For the permanent front teeth that matter the most for beautiful smiles, that is about age two years for human children, so be extra careful about sudden increases in doses then.)


There are side chains on the matrix, where the matrix hooks together.  The normal molecule that goes right in the center of the crosslink is the hydroxyl ion (OH, or the big half of a water molecule).  The fluorine ion (F) is about the same size and is widely used to replace OH in other situations.  


The difference is that F is a lot stronger glue.  Fluorine is the most electronegative ion there is.  That means, if you think of atoms as magnets, no magnet is stronger than fluorine.  


(You can sort of see this strength in two common household products made with fluorine.  TEFLON (trademark) is your classic non-stick cooking surface.  Nothing can bind to the surface, which is made of carbon and fluorine stuck together in a sheet.  The bonds between the molecules are so tight that nothing can get in.  The other product is those fancy glasses with roughened surfaces.  The only thing that can etch glass - that is, pull molecules off of glass - is an acid made with fluorine.)


Going back to the matrix trying to leave the tooth, it is logical that fluoride could gum up the matrix.  The existing crosslinks of OH would be easier to break or keep broken.  If all of a sudden a lot of F is dumped in, it could become impossible to keep the strands of matrix separated.  (I view it as spaghetti noodles drying out when you are late for supper.  The 1989 article by S Dajean makes most of the points above.  Arch Oral Biol 34(6):413.)


The second problem that is solved by putting fluoride in the crosslinks is the structure of the tooth itself.  If the fluoride was on a side chain, what better way to stick the mineral to the matrix?  (For you hard core chemists, a  1982 book by Driessens "Mineral Aspects of Dentistry" is recommended.  He goes over some of the problems of trying to position fluoride if you only consider the mineral part of the tooth and do not consider matrix.  The fundamental problem is how can so little fluoride have so much effect.)  This crosslink theory also fits the existing facts that teeth take up fluoride mostly when they are in a matrix stage (when crosslinks are set up).  And the fluoride is known to travel with the moving matrix under normal conditions.  


(See Bawden, 1988.  J Dent Res 67(6):938.  Also Robinson, 1978.  Caries Res 12:1.)  


The closest we can get to actually placing fluoride in the crosslinks is that excess fluoride seems to reduce the crosslink precursors to collagen and affect the crosslinks.  The net effect is a slowing down of collagen maturity.  


(See Sharma YD, 1982. Toxicol Lett 10(1):97 and Biochem Biophys Acta 715(1):137.  In fluorosed teeth, the biggest difference in the matrix seems to be in the nature of the crosslinks.  See Susheela, 1988.  Arch Oral Biol 33(10):765.  Another worker commented that in fluorosed teeth "the retention of protein in these [fluorosed] sections may have occurred because the fluoride treatment had altered the protein so that it was more effectively cross-linked [by a crosslinking chemical added during an earlier soaking]."  Paterson CM, 1977.  Calcif Tiss Res 24:119.)  


(There is some older art that is not quite so explicit in the matrix effects, but is incredibly close in the sense that it is all in one place and fits into the general fluoride picture.  The World Health Organization [WHO] did a major review on fluoride in 1970.  ["Fluorides and Human Health".]  Many of the basic concepts used in this invention are there.  The idea that one role of fluoride might be as a "glue" is in the fact that the highest concentration of fluoride in the entire body is in a thin tissue called "cementum".  It is what holds teeth in to the bone they are connected to, and is laced with collagen fibers [page 114].  The general matrix effect of fluoride causing a slow down in collagen synthesis is shown on page 180 [at fairly high doses].  On page 186 it is implied that fluoride might change the structure of collagen and therefore the way that teeth and bone mineralize.  It is also shown on pages 110-113 that during growth is the main time teeth and bones use fluoride.  And that the collagen based dentine is two to three times higher in fluoride than the enamel.  In a discussion on how fluoride could affect the shape of teeth [page 211], they get very close to suggesting that fluoride slows down some tissues more than others:  "Others have pictured an inhibitory action on some of the enamel-forming cells which prevents growth in part of the enamel.  It is believed that cusp formation depends on such a differential rate of enamel production on the part of the ameloblast [enamel forming cell]."  [Emphasis added.]  On page 349 there are notes about fluoride in water causing a delay in teeth maturity [exfoliation and eruption] when the fluoride level was 2.5 ppm but not at normal levels for fluoridated water - 1 ppm.  A few pages later - 351 - there is a note that fluoride seems to prevent malocclusion.  The primary reason given is that it prevents caries in the baby teeth and therefore maintains good spacing.  However, it is cited that fluoride also changes the shape of the jaws in ways unrelated to caries.  On page 340 there is a discussion of fluoridated water during pregnancy.  It is noted that "morpho-differentiation" [the setting of the shape of a tooth] occurs during pregnancy and that perhaps the fetus does not get enough fluoride from fluoridated water.)


Deficiencies of nutrients (other than fluoride) can lead to birth defects.  Let us start this section with a very old story about one of the first nutrient deficiencies ever found:  Vitamin C and scurvy.  The point here is to help you see that it takes time for people to learn from the work done by scientists.  When we get to the coming section on birth defects, you will most likely see your own family in there somewhere.  It may bother you that some of these discoveries were made years before your relative was born.  Please be patient.  Our scurvy story comes from "Diffusion of Innovation" by E M Rogers.


THE SCURVY STORY


In the early days of long sea voyages, scurvy was the worst killer of the world's sailors, worse than warfare, accidents, and all other causes of death.  For instance, of Vasco de Gama's crew of 160 men who sailed with him around the Cape of Good Hope in 1497, 100 died of scurvy.  In 1601, an English sea captain, James Lancaster, conducted a kind of experiment to evaluate the ability of lemon juice to prevent scurvy.  Captain Lancaster commanded four ships that sailed from England on a voyage to India; he served three teaspoonfuls of lemon juice every day to the sailors on the biggest of his four ships.  Most of these men stayed healthy.  But on the three smaller ships, by the halfway point in the journey, 110 out of 278 sailors had died from scurvy.  The three smaller ships constituted Lancaster's "control group";  they were not given any lemon juice.  So many of these sailors were sick, in fact, that Lancaster had to transfer men from the large ship to staff the three smaller ships.


These results were so clear cut that one might expect that the British Navy would decide to adopt citrus juice as a scurvy prevention on all its ships, or at least to carry out further investigations on the effects of citrus fruit.  But it was not until 1747, about 150 years later, that James Lind, a British Navy physician who knew of Lancaster's results, carried out another experiment on the ship Salisbury.  To each scurvy patient on this ship, Lind prescribed either two oranges and one lemon or one of five other diets:  a half‑pint of sea water, six spoonfuls of vinegar, a quart of cider, nutmeg, or seventy‑five drops of vitriol elixir.  The scurvy patients who got the citrus fruits were cured in a few days, and were able to help Dr. Lind care for the other patients.  Unfortunately, the supply of oranges and lemons was exhausted in six days.


Certainly, with this further solid evidence of the ability of citrus fruits to combat scurvy, one would expect the British Navy to adopt this technological innovation for all ship's crews on long sea voyages, and in fact, it did so.  But not until 1795, forty‑eight years later.  Scurvy was immediately wiped out.  And after a further wait of only seventy more years, in 1865, the British Board of Trade adopted a similar policy, and eradicated scurvy in the merchant marine.


Why were naval authorities so slow to adopt the idea of citrus for scurvy prevention?  Historians are not able to provide a very clear explanation.  But it seems that other, competing remedies for scurvy were also being proposed, and each such cure had its champions.  For example, Captain Cook's reports from his voyages in the Pacific did not provide support for curing scurvy with citrus fruits.  Further, Dr. Lind was not a very prominent figure in the field of naval medicine, and so his experimental findings did not get much attention in the British Navy.  (End of quote.)


Folic acid will prevent birth defects.  The nutrient most clearly associated with birth defects is folic acid.  It is a relatively simple story, spanning about 60 years from the first hints to FDA recommendations this last year.   


(The vitamin C story above took 265 years.  Vitamin C was as easy as pie to test, and there were plenty of cases of scurvy to test it on.  Preventing birth defects is much trickier.  First, not that many people are conceiving at any given time, and they do not always even know it when they do.  Second, many birth defects only occur in about 1 birth in a 1,000.)


(If you have not heard of the work with folic acid, it is not the media's fault.  At the Hawaii State Library there is a computer that lists 45 recent articles in popular magazines.  In my newspaper there were 2 articles in the last 4 days.  Local radio stations broadcast public service announcements telling people to see a doctor early in pregnancy.  Having said this, a lack of knowledge is still a problem.  About a year ago only about 3% of modern pregnant women knew about the connection between folic acid and neural tube defects.  And only about a third get to their doctor in time to make a difference.  Werler WM, 1993. JAMA 269(10):1257.)


The story of folic acid is well developed, starting about 1930.  A Dr. Minot worked on a type of anemia (megaloblastic) in which there are not enough new blood cells being made, and, if unchecked, the patient gradually dies.  It turned out that folic acid was the missing nutrient, and that virtually all cells need it to grow and make more cells.  There are all sorts of interesting tidbits in the folic acid story, such as what happens if cells are prevented from getting it.

  
Drugs that block folic acid are used to stop cancer (which is cells growing out of control) and to stop a human embryo from growing in "the abortion pill"  RU 486.  These folic acid blockers have long been known to be some of the most potent teratogenic drugs in the world.


As far as I know, the theory that folic acid could also help prevent birth defects came from Dr. Martin L Stone in the late 1960"s.  First he proved just how common the deficiency was in modern women during pregnancy (about a fourth), with a particular emphasis on early pregnancy.   Then he covered the needs for folic acid, especially that it was needed to make new DNA.  He cited some earlier workers that suggested the deficiency was involved in miscarriages, prematurity, and birth defects.  He noted that it appeared that needs for folic acid were much higher in pregnancy than usual, and made specific recommendations as to how much to take.  Timing was stressed, with suggestions to start before pregnancy.  


(Stone, 1967.  Am J Ob Gyn 99(5):638.  Stone, 1968.  Clin Ob Gyn 11(4):1143.)  


About 1970 folic acid started appearing in commercial prenatal vitamins.  The emphasis was on preventing the anemia that started about the fourth month, not the birth defects in the previous three months.  A popular writer, Addelle Davis, did take up the birth defects angle.  Her 1972 book, "Let's Have Healthy Children" says that if you did nothing else for you child, you should make sure you get enough folic acid during early pregnancy.


Davis was probably very, very close to catching the fluoride connection.  She was deeply into Steenbock and vitamin D (that will make sense a little later) and in her first edition she mentions that fluoride is assumed to be supplied by the American diet.  She suggests mineral tablets in pregnancy.  I think she had originally put "with fluoride" into that sentence, because the index still says that even though the text does not.  This is remarkably prescient, given that commercial prenatal fluoride was not available until two years later in 1961.  By the time she wrote the second edition (1972), she was anti-fluoride because of fluorosis.  This is also way ahead of her time.  In our earlier section on fluorosis, you can see that the fluorosis problem was not published until 1974.  She was clearly very observant on her own patients.  You get a sense of that in her books.


(Here is a peek at her vision:  "The ideal dental arch, or the jawbone holding the teeth, should be almost a perfect semicircle;  there is plenty of room in such a mouth for all the teeth without crowding.  The dental arch should not be the shape of a tall U and certainly not V-shaped, as many are.  The roof of the mouth, or dental vault, should be low and rounded like the roof of a Quonset hut, not like that of a high Swiss chalet built so that snows slide off quickly."  Page 216, 1972 edition.  If it is not, at birth, she advises extra vitamin D through out the entire growth years.)


The modern trials of folic acid preventing birth defects are cited in the most recent works.  


(The New England Journal of Medicine, December 24, 1992, page 1832.  In a nutshell, the first small trial was in 1981, followed by two big ones in the late 1980's.  This last fall [1992] the FDA made official recommendations that all women who might get pregnant should make sure they get the original amounts suggested by Dr. Stone in the 1960's.  If you only have time to read one paper on folic acid, my favorite is Smithells RW, 1981.  Arch Dis Child 56:911.  The best paper on trying to sort out exactly which vitamin has the effect is Milunsky A, 1989.  JAMA 262(20):2847.  Dr. Milunsky is a rarity.  He has deep expertise in both the genetic and nutritional aspects of birth defects.)


(Good dietary sources of folic acid abound, as any food that has growing cells will have it.  Fresh vegetables and fruit are obvious choices, and organs that help blood cells mature (like liver and bone marrow) are also very rich.  The embryonic parts of seeds, such as wheat germ, are also excellent sources of folic acid.)


Could there be a connection between folic acid and fluoride?  It is speculative, but here goes.  If you can believe two assumptions about fluoride, you can stretch to believe that a deficiency of both fluoride and folic acid is far worse than either one alone.  If fluoride does slow down the maturity of matrix in the embryo, and if the matrix is in turn the source of the signals for the cells to start and stop developing, then there could be a connection.  A lack of fluoride would cause the matrix to be maturing too fast and sending the "time's up" signal too soon.  If the cells were low on folic acid and were having a hard time dividing they would be especially stressed by the faster pace.  In experiments with animals, if the folic acid is provided even a day before the closure, it can prevent the birth defect.  A diet just a little higher in fluoride could conceivably stretch the critical period out just a few meals longer.  One extra salad is all it would take.    


(Interestingly, precisely this "extra time" effect has been shown to actually be the way known treatments work to prevent clefts.  In this case the active ingredient was "vitamin B complex", which includes folic acid.  In an experiment with mice they extended the timing of closure by 6 hours.  See Schubert, 1990.  J Crannio-Max-Fac Surg 18:343.)


The most exciting new area of research with folic acid seems to be in how it might directly affect the genes.  There is work that suggests folic acid may prevent a birth defect gene from expressing itself.  The condition is called "Fragile X", which relates to the X chromosome and a weak spot on it.  Under a microscope you can see the part of the chromosome that looks like a hot dog almost broken in half.  Folic acid seems to not only make the chromosomes look more OK, but also reduce the effects of the gene (mental retardation).  


(Gustavson, 1985.  Clinical Genetics 27:463.  See also a suggestion to use folic acid in pregnancy to prevent Fragile X even earlier.  Sauberlich [ed.], 1992.  "Beyond Deficiency" page 96.  For the most general article on Fragile X and folic acid, see Davids JR, 1990.  J Bone Joint Surg 72-A(6):889.  The gene that causes Fragile X causes a defect in a very specialized matrix, elastin, and is also related to flat feet, arched palate, and other conditions.  Fragile X children also have a higher incidence of cleft palate:  Lachiewicz AM, 1991.  Am J Med Genet 41(3):275.)


Fairly high doses of folic acid (10 mg a day vs .5 to 1.0 used for neural tube defects) seem to prevent cleft lip, although so far the lower doses have not.  


(Success with 10 mg in Tolarova, 1982.  Lancet 2:217.  No prevention with .8 mg in Czeizel, 1992.  N Engl J Med 327:1832.  To visualize what that means in spinach, a cup of spinach is about .1 mg.  So .8 mg would be 8 cups, and 10 mg would be 100 cups of spinach a day.  That is some pretty serious chewing.)  


There is some remote evidence that cleft palate may be associated with folic acid deficiency.  A study in Sri Lanka found the highest incidence in babies born in April, indicating conception in July.  The dry season ends about June, and this may limit fresh vegetables.  Another study using vitamin B complex (which includes folic acid) showed prevention in both mice (chemically treated) and in a small number of humans.


(Sri Lanka:  Amaratunga NA, 1989.  J Oral Maxillofac Surg 47(1):7.  Humans:  Schubert J, 1990.  J Craniomaxillofac Surg 18(8):343.  There are also some German papers by Gabka that used some kind of vitamins [including folic acid?] and an oxygen-activating medicine [actihaemyl] to prevent clefts.  [We do not cover it, but oxygen is one of the critical factors for collagen crosslinking.]  This work with pregnant women in families with a high normal incidence covers about 20 years of tests.  Gabka J, 1981.  Munch Med Wochenschr  123(28):1139.)


Manganese deficiency and birth defects.  I want to tell the manganese (Mn) story because of a few real wing-dingers in it, but we should start with what is not in this story.  I have not really studied Mn, and haven't a clue as to whether modern diets have too much or too little.  The natural sources seem to be bones, leafy vegetables, and organ meats, so I have my suspicions.


The best expert on Mn is Dr. Lucille Hurley, author of "Developmental Nutrition".  This book is the best all round one source about nutrition in pregnancy.  


Mn deficiency in early pregnancy causes bones to grow abnormally.  Skulls are shaped very differently, and long bones are severely shortened.  The fundamental change is in different growth rates for the various bones and tissues.  


(Hurley LS, 1961.  J Nutrition 74:282.)


Ears are also affected, and with the ear defects comes a lack of balance and coordination (ataxia).  This is where the most interesting report comes in.  


There is a mutant type of rat that is genetically like the Mn deficient rats as far as lack of balance goes.  (Just a quick aside here.  These rats are called "pallid" for the weird color of their hair.  Almost every animal that is genetically weird as far as immune systems [eg, nude mice], getting cancer, or birth defects, also has weird hair.  Hair is matrix, of course.)  If these pallid mice are given Mn during early pregnancy it corrects the lack of balance problem.  This is the first report of a nutrient absolutely correcting a clear genetic problem.  The correction only lasts one lifetime.  When the "corrected" mice are bred, their offspring are back to off balance.  


(Described in "Drug Effects on the Fetus". Tuchman-Duplessis, 1975, page 26.)


The final bit about Mn is where it fits into the matrix story.  It is critical for making a molecule called chondroitin sulfate.  


(Gershwin ME, 1985.  "Nutrition and Immunity", page 199.  See also "Manganese", National Acad Sci, 1973.)  


This chondroitin sulfate molecule is sort of like crosslinks.  If you think of matrix as a plate of spaghetti, the strands of spaghetti noodle are the strands of collagen.  The sauce that surrounds the noodles is mostly made of chondroitin sulfate.  Within this sauce (often called ground substance) there are very fine fibers that connect the larger collagen fibers.  The chondroitin sulfate has profound effects upon the structure of the matrix as a whole.


(The most specific source on how chondroitin sulfate fits into embryogenesis is by Toole BP, 1977.  "Cell and Tissue Interactions", Lash JW ed.  A good general source is the "Nature and Structure of Collagen", 1953, JT Randall.  The first chapter gives a far better account of the various types of matrix structures than you have gotten from me.  The most interesting work lately on chondroitin sulfate and how it affects collagen is by Turley EA, 1985.  Dev Biol 109(2):347.  The addition of chondroitin sulfate to collagen gel will "bundle the collagen fibrils into twisted ropes."   An excellent drawing and of how and where chondroitin sulfate fits in to the basement membrane matrix is by Reddi AH in "Epithelial-Mesenchymal Interactions in Development", Sawyer RH, 1983, page 80.  Manganese is also a preferred, but not critical, catalyst in the early stages of making collagen fibers.  Prockop, 1979.  New Eng J Med 301(2):77.)


Vitamin A is strongly related to birth defects.  We will not cover vitamin A nearly as well as could be done.  Let's start off with three general points.  


The first is "too much or too little" is bad.  


It is well known that too little vitamin A causes birth defects.  It was the first nutrient like this discovered (by Hale in the 1930's).  On the other hand, too much vitamin A is one of the strongest teratogens known.  


(Here are a few numbers, but this is just verbatim and I have not studied this area well enough to have a good feel for doses.  The danger threshold for birth defects seems to be about 25,000 IU.  See Hathcock JN, 1990.  Am J Clin Nutr 52:183.  The RDA during pregnancy is 4,000 IU, which is the dose in most prenatal vitamins.  In the recent trial in which folic acid prevented 100% of neural tube defects, the dose of vitamin A that went with the folic acid was 4,000 to 6,000 IU.  The control group had no vitamin A - or folic acid which was the main point - and had a normal incidence of the defects.  See Czeizel AE, 1992.  New Eng J Med 327(26):1832.  I think the safest form of vitamin A is beta carotene, the form in carrots.  It won't hurt your baby, but it will turn you yellow if you get too much.  HI Susie.) 


The second is matrix effects.  Vitamin A has profound effects on the shape and structure of keratin (hair, nails, etc).  I always think of keratin as being on the outside of the basement membrane, with collagen matrix on the inside.  In the teeth, the matrix that makes enamel is more like keratin, and the matrix that makes dentine is collagen.  My impression is that without vitamin A, keratin tends to be flat, and that vitamin A is necessary to give keratin (and the cells) a column like shape.  


The main cells that keratin (and therefore vitamin A) affects are the epithelial cells that make sheet like tissues like skin.  Epithelial tissues - "Ep" for short - tend to be very cellular and all the cells tend to be densely packed together in a sheet.  This is as opposed to the collagen areas on the other side of the basement membrane.  Here, in the mesenchyme, or "Mes" for short, there tends to be few cells, just sort of at random in a sea of collagen matrix.  These two tissues - the Mes and the Ep - oppose each other and the way they affect each other is about the biggest thing in biology.  Vitamin A has profound effects on the relationship between these two tissues.  


(The best single source that goes into how vitamin A affects the relative speed of tissue layers, and how the lack of synchronization leads directly to birth defects is 20 years old.  Morriss GM, 1972.  J Anat 113(2):241.  Vitamin A does not just affect keratin.  A good reference for excess vitamin A also causing a slowdown in the production of collagen, including reducing crosslinks, is Sauer GJR, 1980.  Teratology 21:123.  There is also a discussion about how this could account for the cleft palates caused by excess vitamin A.  The best general discussion on a lack of vitamin A causing birth defects is in Hurley L, "Developmental Nutrition".)


The third is about the various types of vitamin A.  It comes in dozens of variations.  Each variation of vitamin A has a different shape of molecule, and each of these has a fairly predictable effect on the big three for vitamin A:


how much it affects "Mes/Ep" communication


how much it causes birth defects


how well it prevents cancer


In other words, the stronger the form of vitamin A is at changing the shape of the epithelial matrix, the stronger it is at causing birth defects, and the stronger it is at preventing cancer.  


(For this relationship, see Willhite CC, 1990.  Toxicol Appl Pharmacol 103(2):324.  For a good review of vitamin A and cancer prevention see Bertram JS, 1987.  Can Res 47:3012.)


Now, let's tell a few wild tales about vitamin A.  What one of the vitamin A cancer medicines does is "normalize" leukemia cells.  That means it makes them finish maturing.  


(Retinoic acid, which is pretty toxic.  Dr. Helen Ross at UC Irvine.  See also Vasios GW, 1989. Proc Natl Acad Sci 86:9099.  This group found that the retinoic acid activates the genes for two matrix molecules: collagen IV and laminin B1.)


As long ago as 1938, the effects of vitamin A on the relative speed of matrix was shown.  Vitamin A deficiency caused the daily growth of matrix in dentine to go faster - laying down 19u per day instead of the usual 16u.  


(Schour I, 1938.  Proc Soc Exper Biol Med 39:447.  The details of this experiment are even more interesting.  If the dentine is not opposed by enamel, but by a different type of matrix - cementum- the rate is slowed down instead of sped up.  A fissure forms between the fast and the slow sections of dentine.  Another detail is about the author.  Dr. Schour later did the virtual bedrock of "how teeth grow".  If you want to really understand this whole business of fluoride preventing pits and fissures, his later papers are a must.  Schour, 1940.  JADA 27:1778 part 1, part 2 is page 1918.  A few years earlier, in 1935, another author did a major study that is still cited today about pits and fissures.  There is a discussion about how and why pits and fissures form.  It was stated that pits are caused by retarded enamel, which shows that long ago it was apparent that it was a timing problem, and the enamel was getting behind.  Prior art wise, fluoride is not mentioned, and most importantly, the author says pits and fissures are normal:   "I do not believe there is any justification for considering the fissures in human molars as 'flaws', 'faults', or 'defects' merely because they are so commonly the site of dental caries in our civilized races."  Kronfeld R, 1935.  JADA, July, page 1131.)


Excess vitamin A also affects the matrix timing.  In dogs, the results include a shortening of long bones due to premature closure of the growth plates.  


(Cho DY, 1975.  Am J Vet Res 36(11):1597.  As a quick aside, let's look at what a combination deficiency of vitamin A, fluoride, and folic acid would likely do:  the lack of vitamin A causes prematurity, so does a lack of fluoride as far as I'm concerned.  It is hard to say if these two would exacerbate each other, but certainly the shortage of folic acid would be magnified by the prematurity.  There are cells frantically trying to keep up with the maturity signals, and they just can not grow to do it without the folic acid.  What a triple combo.  And all three of these nutrients are commonly deficient in early pregnancy.)


The matrix effects of vitamin A have a connection to cancer.  "Vitamin A deficiency per se has produced precancerous metaplasia in epithelial linings."  


(Halsted CH, 1989.  "Nutrition and the Origins of Disease", Bristol Myers Symposium, page 239.  Lieber citing Mak.  Metaplasia means a tissue changes, abnormally, to another type of tissue.)


Our final note on vitamin A deficiency is that it shows up on the teeth.  "Poor quality enamel that decays easily has been found in the teeth of children whose mothers had vitamin A deficiencies."   


(From a remarkable book, "Your Children's Teeth, A Complete Guide for Parents", by T Berland and AE Seyler in 1969.  Dr. Berland was also very supportive of the need for fluoride in pregnancy, says that pits and fissures are developmental flaws, and notes that children with cleft defects have more caries.)


Zinc and birth defects.  The most unusual thing about zinc deficiency is that even short-term (2-4 days) zinc deficiency can lead to birth defects.  Apparently there are no zinc reserves to speak of, and if the mother's diet is low, the supply to the fetus drops rapidly. 


(Lonnerdal, 1988.  Bristol Myers Nutrition Symposium, page 299.  Citing Hurley, 1973.  Most other nutrients, including fluoride, tend to have far deeper reserves.  Zinc deficiency alone leads to birth defects, as does folic acid deficiency.  If there is a deficiency of both, the effect is increased.  Bremert JC, 1989.  Nutr Res 9:105.)


(An intriguing feature of zinc is that it has a direct effect on DNA.  If zinc comes floating by a cell, the cell's DNA turns on a section that makes a protein that reaches out and grabs the zinc.  See Cousins RJ, 1989.  Bristol Myers Nutritional Symposium, page 3.)


(Another DNA effect is seen in a special structure that tends to show up on proteins that "push buttons" on DNA, turning sections of it on and off.  The structure is a loop called a "zinc finger". Kochoyan M, 1991.  Biochemistry 30:3371.)


Lipokinins and birth defects.  I have not reviewed it, but there is a patent application about using lipokinins "to diagnose and prevent a predisposition to congenital malformations" and "to treat a mammal affected by a deficiency in arachidonic acid".  


(Goldman AS, 1989.  PCT WO 89/1140 A1, 9 Feb 1989.  Appl.  88/US2630, 2 Aug 1988; US Appl 83456, 6 Aug 1987.)


There is some evidence that fluoride deficiency could cause birth defects.  (None of this is proof.)  


Steenbock.  The Steenbock work is the closest prior art to using fluoride supplements (bone meal) to prevent birth defects.


The best book ever written on the connections between diet and birth defects is "Developmental Nutrition", by Dr. Lucille Hurley, 1980.  After she covers (but dismisses) all of the other ideas about what causes birth defects, she introduces the idea that nutrition could be involved:  "The first indication in the scientific literature that nutrition could affect the mammalian embryo was from work done at the University of Wisconsin on the effects of various rations on cows.  Hart and his coworkers reported in 1911 that cows fed wheat alone produced stillborn or immature, weak calves that did not live.  When the ration was supplemented with bone meal, the calves were normal."


Hart's student Harry Steenbock was the main experimenter.  I would like to take a fairly long look at Steenbock's work.


Dr. Harry Steenbock was a biochemist working with dairy cattle and their diets at the University of Wisconsin, Madison.  He raised 16 cows, divided into four diets:  pure corn, pure wheat, pure oats, and a mixture of all three.  By using various parts of the plants (straw, etc.) the diets were completely balanced and equal in every nutrient that was known at that time.  


When the cows gave birth to calves, the results were shocking.  The corn fed group was fine, and the mixture group and the pure oats group were not too bad.  But the pure wheat group had serious problems.  The cows had fertility problems in the sense that they took much longer than usual to recover from the births and be ready to breed again.  The calves were all born about a month prematurely.  The calves were very underweight, off by about one third.  The most severe problems were in the general vigor of the calves.  Out of four, one was born dead, two died in a day, and one was weak and died in convulsions on the 12th day.  


(Hart EB, 1911.  Wis Agric Exp Sta Res Bulletin No 17.  This is available from the Steenbock Memorial Library at the University of Wisconsin-Madison, (608) 262-0428.)


 For the next 13 years all kinds of supplements were tried in an almost frantic search for the missing nutrients.  Minerals like calcium, vitamins like vitamin A, and protein sources like meat meal were all tried.  Almost all of these nutrients gave some improvement, but everything was not normal until the combination of cod liver oil and bone meal was tried in 1924.  


(Hart EB, 1924.  J Biol Chem 62:315.)


(A good historical sketch of Steenbock and some of his team members is in Schneider HA, 1973.  Journal of Nutrition 103:1235.)   


This was during the era when the vitamins were discovered, and all of the investigators were seriously involved.  One, a Dr. Elmer McCollum, wrote the definitive "A History of Nutrition Until 1940", and is credited with two major discoveries:  the isolation of the nutrient vitamin D and the technique of using "lab rats" as subjects (before then people used farm or pet type animals).  Dr. McCollum had moved to another institution (Johns Hopkins) by the time the bone meal solution was found.  He then did some work with fluoride, but he did not mention the bone meal work as motivating it.  His first fluoride work was on how massive doses cause serious bone problems.  His second and last was an experiment proving that fluoride was not a nutrient and that rats did not need any fluoride whatsoever for normal reproduction.  


(Excess fluoride:  McCollum, 1925.  J Biol Chem 63:553.  Rats and reproduction:  Sharpless, 1933.  J Nutr 6:163.)


Dr. E. B. Hart was on the team throughout.  He is credited with the discovery of the importance of copper in blood nutrition.  Hart also studied fluoride, but not in the sense of preventing birth defects.  Almost to the contrary, he said that, "since fluorine-bearing mineral supplements are in use for feeding dairy cattle, milk might thus have a sufficiently increased fluorine content to produce harmful effects."    


(Phillips, 1934.  J Biol Chem 105:123.)  


In all of the nutrition studies of this era, as now, it was common to take diets apart and find the importance of each nutrient.  This was exactly what had been going on with the attempts to isolate vitamin D from cod liver oil, as the precise nutrient that prevented rickets.  When bone meal and cod liver oil were found to prevent birth defects, it would have been natural to isolate the critical ingredient(s).  This was never done to my knowledge.  Many of the components were listed and assumed to be important, such as calcium and phosphorus, but fluoride was never even mentioned.  


(In all fairness, this was a very large body of work, and it was very expensive to run yet more trials on cows.  Also, Dr. Steenbock was very profitably distracted by other work.  He invented and patented a way to make vitamin D.  He had a million dollar offer before he was even up and running.  He began a foundation at his university based on the royalties.  This foundation - WARF - is now worth over 200 million dollars.  Rickets was a very real problem, and up to 90% of children in some cloudy northern cities had soft, bent bones because of it.  Steenbock's process made vitamin D easy to take, compared to cod liver oil, and cheap and widely available.  He is the reason that most of us do not even know what rickets is.)


Crichton-Browne.  (This is the second closest prior art in preventing birth defects with fluoride.)  Steenbock's work was preceded by another worker who did specifically mention fluoride, in pregnancy, and human birth defects in the same paper.  I think he may have been on the same track as I, but he did not say so.  Let us look at this story in detail.   


The paper is what most people cite as the first medical recommendation for prenatal fluoride.  A little over 100 years ago, in 1892, Sir James Crichton-Browne, in a lecture to a dental society in England, told several interesting stories.  (This is in the Lancet on July 2 of that year, page 6.)  He thought the soft food of the industrial revolution might be the root cause of the rampant dental caries plaguing England, and told the dentists that, "it is not an edentulous [toothless] race that will finally possess the world".   His solution was to add to the diets of  "childbearing women and children" a " supply of fluorine in a natural form" such as the tough parts of grain.  


In the same paper Dr. Browne reported what he had seen at an asylum for retarded children.  "There was only one boy out of 113 idiots and imbeciles who did not present evidence of past or present dental caries, and in him the teeth were crowded, displaced, and pitted."   "Besides caries there were many other dental defects noted in the weak-minded inmates of the Royal Albert Asylum.  There were overcrowding and displacement of teeth in seventy-five cases, sometimes to such an extreme degree as to produce two distinct rows of incisors in the upper jaws, ... the upper jaw being V-shaped, ... and invariably associated with narrowness and arching of the palate...".  


Let me make a very personal comment:  It would be unconscientable for me to say that Dr. Browne did not see the connection between fluoride nutrition in early pregnancy and the fate of these patients.  But, in a scholarly and legal sense the teaching is not there.  While he says that "it is obvious above all that cerebral abnormalities, congenital and developmental, have associated with them dental malformations and degenerations of an exceedingly marked kind" he concludes that, "it is probable therefore that cerebral disorders ... impair the soundness of the teeth."  


There is other prior art that indirectly implies an association between birth defects and what might be fluoride deficiency.  The prior art in this section is not specifically about fluoride.  This is a collection of notes where the author says something like, "these children with birth defects have lots of cavities".  To connect this to fluoride deficiency you have to make two assumptions.  First is that fluoride deficiency causes the cavities or other condition.  Second is that the timing is close enough.  That is, a cleft lip happens on about the 42nd day of pregnancy, but teeth are not forming until about the 60th day (and thereafter).  None of these references directly suggests that fluoride deficiency caused birth defects.


Enamel defects are, per se, defects of matrix.  Although fluoride is widely known to help produce better than normal enamel, I can not recall anyone saying that defective enamel is a sign of fluoride deficiency.  Many authors have found that children with birth defects tend to have more enamel defects.  


There is an excellent review from 1989, covering enamel defects in cerebral palsy, mental retardation, and hearing defects.  In each area, enamel defects were more common.  Here are a few examples.  In 250 children with cerebral palsy, 24% had defects.  About half of these were in enamel formed prenatally.  In children with hearing defects, a little over half had enamel defects.  


The first possible systemic cause discussed is excess fluoride.  The logic is based on the fact that excess fluoride causes fluorosis, which is also a type of enamel defect.  However, there were no instances where fluorosis was directly related to any type of defect.  



(See Bhat M, 1989.  Adv Dent Res 3(2):132.)


A 1959 study in the Journal of the American Dental Association was very detailed.  "Enamel hypoplasia was seen in 119 (54%) of 219 children with some form of cerebral disorder, whereas only 8 (9%) of 93 normal children had enamel hypoplasia."  The defects studied were dated, with the earliest being from the 4th month of pregnancy and the latest being the 3rd month after birth.  "The relationship of enamel hypoplasia and cerebral disease was further supported by finding that the time when the cerebral abnormality was estimated to have occurred coincided closely with the times when the hypoplasia was established.  This temporal coincidence ... was most striking in patients with simple spastic diplegia, all of whom were born prematurely ..."  The author does mention that "nutritional deficiency" could have been one of the contributing factors, and suggests that a "generalized physiological disorder" could be causing both the cerebral problems and the enamel defects.  


(See Via WF, 1959.  JADA 59:702.)


The only other cite I could find about mental retardation is a real stretcher.  In a 1974 book there is a subtle comment that only a nut like me would notice.  The author places his comments about the bad teeth of mentally retarded children in an otherwise sparse chapter on future research into the causes of mental retardation.  However, other than the curious placement, there is no suggestion that fluoride deficiency is a cause.  


(See "Mental Retardation", AMA, Dr. Robert S. Mendelsohn.)


Children born prematurely tend to have more enamel defects.  These defects are generally believed to be caused after the child is born.  In early studies, mostly on children born just slightly prematurely (>2000g), about one fourth of them have enamel defects.  Newer studies, with very small preemies, have found almost 80% had enamel defects.  Defective enamel is more susceptible to dental caries.


(Reviewed in Seow, 1986.  Aust Dent J 31:1.)


Enamel defects are also seen with cleft lip and palate, with the severity of the enamel defects paralleling the severity of the birth defects.


(Mink JR, 1959.  J Dent Res 38(4):652.)


Children with cleft lip and palate tend to have all sorts of missing teeth and unusually shaped teeth.  In one type (bilateral cleft lip and cleft palate all together), 92% of the children have dental abnormalities.


(Dulude JA, 1991.  J Dent Que [French] 28:49.  For a discussion of why, see Jiroutova O, 1991.  Acta Chir Plast 33(1):57.)


Fast teeth are not generally thought of as a sign of fluoride deficiency, but since children who have had prenatal fluoride have slow teeth, it could be considered part of the prior art.  


In 1984 a pediatrics teacher wrote a letter that displayed a remarkable depth in fluoride knowledge.  In particular, he cited Dr. Glenn's 1984 paper on how prenatal fluoride changes the shape of the molars.  Two years later, after he searched the records of over 50,000 births, he published an article on "natal teeth".  (These teeth are so fast they are already erupted at birth.)  He found 15 children so affected.  Five of them had birth defects, all pretty serious, including 2 cleft palates.  


(Letter:  Leung A, 1984.  J Dent Child Sept:394.  Natal teeth:  Leung A, 1986.  AJDC 140:249.  In my opinion Dr. Leung made the same starting deductions as I did trying to figure out how fluoride prevents pits and fissures.  That is, given that fluoride tends to slow down the maturity of the tissues where it accumulates, there must be some logical way that fluoride could give the enamel more time to close.  Since fluoride probably slows down the enamel, there must be something that is controlling the enamel that gets slowed down even more.  The dentine is the best candidate.  The enamel and the dentine go toward the closure point almost together, with the dentine slightly in the lead.  Dentine accumulates two or three times as much fluoride as the enamel.  It must be that if the dentine gets to the closure point first, and then starts moving away from the enamel, the enamel loses its growth signal and stops growing toward the closure.  The next leap is to look at other birth defects that involve closures.  What Dr. Leung did is to think of the rare natal teeth as extra fast teeth, and look for birth defects associated with them.  Natal teeth normally appear in about 1 out of 3,000 births.  Cleft palates occur in less than 1 in 1,000.)


A later report covering both natal teeth and neonatal teeth (teeth that erupt in first 30 days) also found birth defects, although not as many.  In 44 children, there were 4 with birth defects, including 2 cleft lips.


(See King NM, 1989.  J Ped 114(5):807.)


Cavities  are generally considered to be from fluoride deficiency.  Fluoride in various forms tends to stop existing cavities and prevent future ones.  


(See Moss SJ, 1988.  Nurse Prac 13(7):37.)


While bacteria (and the sugar they use) are a key element of dental caries, there is no difference in bacteria counts on the teeth of children who do not get caries by reason of fluoride supplements.


(Streptococcus mutans:  Van Houte J, 1978.  Arch Oral Biol 23(5):361.  Lactobacilli:  Van Houte J, 1981.  J Dent Res 60(1):2.) 


However, there are no great citations saying children with birth defects have more cavities than normal.  Here are a few that hint at this possibility.


In a study on cleft palate children, there were plenty of cavities to work with and there was good success with fluoride supplements.  The control group had an average of 6.15 cavities versus an approximate comparison of 4.05.  The author said the "cleft palate group exhibited a much higher caries-experience than these older children from the same geographic area."  With fluoride supplements, new cavities were reduced about 95%.


(See Stephen KW, 1977.  Brit Dent J 143:111.  That children with clefts are more susceptible to caries is also mentioned in Kaufman FL, 1991.  Pediatr Clin North Am 38(5):1127.)


(There is another point of view that I am not considering.  There are some diseases that tend to be associated with less cavities, not more.  In particular, many children with either growth hormone deficiency or kidney trouble have no dental caries.  See Bigeard L, 1990.  Actual Odontostomatol (French) 44(169):141.)


Prematurity.    The underlying assumption here is that fluoride deficiency is a cause of prematurity.


(Prematurity was reduced from about 13% to about 2% by prenatal fluoride, beginning at the third month of pregnancy.  Glenn, 1982.  Amer J OB Gyn, 143:560.   Once again, we should bear in mind these results are preliminary and contradict the standard theory that prematurity is caused by infection.)


A French study found that birth weights were significantly lower in children with cleft lip and cleft palate.


(Long S, 1992.  Pediatrie 47(2):133  [French].)


Mead Johnson sold fluoride supplements for use in pregnancy, and may have thought birth defects would be prevented.  (The big assumption here is that there is a connection between the research they supported and the products they developed.  This is a fairly important piece of prior art.)


Mead Johnson began supporting Steenbock's work on vitamin D in about 1922.  To place that year, it was 11 years after he published the problems with cows fed pure wheat during pregnancy, and just 2 years before he published that bone meal was the solution to the birth defects problem.  Just four years after Mead began its support, Steenbock discovered a way to make vitamin D with UV light.  That invention quickly became the richest patent ever to come out of a university, and held that record for about 50 years.  (I have not reviewed the patent and do not consider it relevant prior art.)


Mead was one of five pharmaceutical companies that got a license to make vitamin D products, and to be sure it was a lucrative arrangement.  But the track I want to follow - Mead's interest in fluoride -  has no connection to Steenbock that is apparent.  


(I have written to the Mead historian and they are still researching the question.  A good source for Mead's company history is "A Glimpse of Mead Johnson", about 1961, available from the library at Indiana State University, Evansville.  Let's take a few points out of it quickly.  While we think of Mead as a hugh company, then - in 1922 - they were very small.  Their only business was infant food.  The company founder used his experience with one of his own children as much of his basis.  His eldest son was a sickly child, born with a heart condition, and died early at age 42 because of it.  It was this son, Ted, who became interested in vitamin D and led them to Steenbock.  It was probably Ted who led Mead into the pregnancy foods with bone meal that we will get to in a minute.  It was Ted's son who led Mead during the time Mead got into fluoride supplements.  But let's go back to 1922 and hook into Steenbock.  At this time Mead had only three chemists, working in a 20' X 40' room, and I think Steenbock was the first and only outside researcher they supported.  This work led them to their second product area, synthetic vitamin D, and natural vitamins A and D from fish oils.  I have looked for a solid fluoride connection, and, as you will see, there are only tantalizing hints.  The other main source in this next section is the Steenbock library at Madison.  They provided over 200 pages of correspondence between Mead and Steenbock.  It is all about vitamin D.)


Mead's first fluoride product came out in about 1930.  It was "Mead's Cereal", which was a food meant mainly for pregnancy, to be prescribed by doctors.  It had bone meal in it, and the fluorine content was specifically mentioned.  It was said to be good for the mother's bones and teeth, although the child's bones and teeth were not mentioned, and there was no mention of birth defects of course.  However, the Mead people were actively working with Steenbock at the time, and the cereal also contained copper for blood, which shows they were keeping up with the work of Hart (Steenbocks's partner, the paper was published in 1928).


Their next product was a few years later, and was a cooked version of the cereal, meant for infants.  "Pablum" was invented by a Dr. Tisdall, but this work does not mention fluoride.  Nor does his later work in the 1940's about birth defects and early pregnancy nutrition.  There are two little Pablum stories.  Long after it lost market share to more modern formulas, etc., the big market for Pablum was as a complete diet for lab animals and cultures that had to be kept healthy for generation after generation.  The other is that the bone meal in Pablum was ordered to be replaced by the FDA in the 1940's.  Mead got grief for the fluoride content (which I worked out to be about right), and they had to replace it with a chemical calcium source with no fluoride.  


(What the FDA should have been crabbing about was lead.  The bone meal could have been contaminated with lead, which was typical until modern times.  For a wild story on lead poisoning from bone meal, see Crosby WH, 1977.  JAMA 237:2627.  The FDA now regulates the lead content of bone meal supplements.  When we get to Mead's prenatal vitamins in a minute, note that they used veal bone, as opposed to regular bone meal, which is from old animals at the glue factory.  Veal bone would have had far less lead, and in 1961, Mead was way ahead of their time.)


About this same time, Mead Johnson was supporting some of the most interesting dental research ever published.  Schour and Massler studied when and how teeth are formed, right down to the cells.  This work is still the best account of these processes.  There were two concepts that came from this work.  


One is how teeth grow.  The coordination of the cells and matrix is flat out awe inspiring.  I will try to tell it to you in a paragraph.  In the beginning there is what appears to be chaos - just a mix of mostly gooey matrix and a few cells at random.  A few spots appear, looking a lot like ripples from a pebble thrown into a still pond.  As the rings spread, the cells below and above turn on, and start making matrix, and a new set of cells to turn on next, in unison.  At the leading edge of the ripple, the top cells - the ones that will make enamel - are close to, and just behind, the bottom cells, the ones that will make dentine.  As the matrix is laid down, the top cells (making enamel) move away from the bottom cells (which are making dentine).  In cross section it looks like a zipper opening.  A cusp - one of the hills of the molar tooth - is formed in between the two layers of cells as they move apart from each other.  If the molar has 4 cusps, this is happening at 4 places, with 4 sets of ripples converging at what will be the valley, or pit and fissure area of the tooth.  As the ripples come together, the two layers of cells are separated.  They were staying together at the front of the ripple, but when two ripples meet, all they can do is continue to spread apart.  The cells that make the enamel just go up to the what will be the outside edge of the tooth, and stop.  A fissure is formed when the enamel part of the ripple does not make it all the way to the center.  


(My theory is that lack of fluoride causes the dentine to get there just a little too fast, and separate from the enamel cells just a little too soon.  Without the dentine cells to turn on the rest of the enamel cells, those cells just do not get to mature and enter their matrix secreting stage.)


Then, after the form of the tooth is made of this matrix protein, the next wave that goes through is mineralization.  The most amazing part of this stage is that all of this is going on outside of the cells.  In mineralization a wave of protein and water and fluoride leaves the matrix as the minerals calcium and phosphorus form crystals around a shell of matrix that is left behind.


(I hope we all lived through that tooth forming description.  Here are a few cites for follow up.  Not cited elsewhere is Suga S, 1982.  J Dent Res 61(Sp Iss):1532.  This paper sort of covers the "wave" effect as the enamel is maturing.  The other cites have already been discussed.  Vit A and dentine:  Schour I, 1938.  Proc Soc Exper Biol Med 39:447.  How teeth grow:  Schour, 1940.  JADA 27:1778 part 1, part 2 is page 1918.  How the molars grow:  Kronfeld R, 1935.  JADA, July, page 1131.  Finally, Dr. Glenn's 1984 paper on pits and fissures, J Dent Child 51:19.)


Now, let's get to the second part of what Schour discovered for Mead Johnson.  Timing.


The enamel making process is slow.  It is spread out from the third month of pregnancy to about age 6 years (not counting wisdom teeth).  All enamel is not created equal.   Because the cells making the enamel work in unison, they make rings, sort of like the rings you see in a tree stump.  If you look very closely at the surface of a tooth, you can see the edges of the rings as lines.  It is sort of like looking at a stack of paper cups.  Each cup, or ring, has a part that shows on the surface.  Schour dated those rings, and looked at the quality of the enamel formed at each stage of a child's life.


One of the rings is especially visible.  This line, called the "birth line" or neonatal ring, is thought of as showing the stress of birth.  They found that the quality of the teeth parts formed before birth was excellent.  Then starting at birth, it gradually went downhill, bottoming out at about age 10 months.  Then it gradually improved.  


(The time from birth to age 10 months is when the most important surface of the most important teeth form - the chewing surface of the first permanent molars.  Kronfeld R, 1935.  JADA, July, page 1145.)


This must have meant something to the pediatricians at Mead.  Mead's main product is infant food and their main customers are pediatricians.  The pattern with the teeth enamel is almost the spitting image of iron nutrition.  Iron is stored by the fetus in "fetal reserves", and lasts barely until solid food is begun at about 6 months to a year.  Milk has very little iron (or fluoride), and infants running out of iron at about 6 months is a classic problem.  Most pediatricians start iron nutrition (in either supplements or iron type formula) at about 4 to 6 months to head off the coming iron deficiency.  Cereals have iron, so once the infant starts on cereal, iron is not so much of a problem.  Pablum was as an infant cereal with iron.  Its bone meal also provided fluoride.  It would have made sense to hope the Pablum could stop the enamel formed in infancy from being so bad.  (It was the worst enamel formed in the entire tooth.)  But it also might make sense to try to provide tooth making materials earlier, in pregnancy.  At this time iron was (and still is) the nutrient most frequently given in pregnancy, mostly for the mother's expanding blood supply, but also to increase fetal reserves.  


At this point (about 1940) I lose track of the Mead story for about 20 years.  (They were still the number one company in pregnancy/infant nutrition, I just do not have anything in particular about them.)  We will get back to them, but let's fill in what the rest of the fluoride world was doing.  In 1942 a book, "Fluorine and Dental Health", by H. Trendley Dean, came out and paved the way for fluoridated water.  (A little blipper out of this book is that in rats' teeth iron and fluoride take the same spot in the matrix, making the teeth orange - with iron, or white - with fluoride.  Iron is critical for crosslinking in collagen, and I think that was known then.)  Another interesting thing about this book is that this is the first all-in-one-piece book that has the three groups that get excited about fluoride.  Guys like me say fluoride is food.  We are into supplements - the right dose and especially the right time.  We have no problems asking you to spend several hundred dollars per pregnancy on very personalised care from your doctor.  The anti-fluoridationists say fluoride is poison.  It is, of course, and they have some great experiments.  The classics are giving rats about 100 times too much fluoride and watching their bones turn into rocks.  The third group is the dentists, who promote fluoridated water and fluoride surface treatments.  Fluoridated water works great and is clearly the best bang for the buck from a public policy point of view.


In 1943 the first public health recommendations came out saying fluoride supplements should be started from birth, and at a dose of .5 mg F per day.  This was a few years before fluoridated water.  There were no really good products to supply this need.  Fluoride tablets were a little tricky to give to infants, and the advice was to mix up your own fluoridated water and give the infant "some" of that.  


(McClure FJ, 1943.  Am J Dis Child 66:362.)


The year 1961 was a banner year for fluoride.  The first modern American study on prenatal fluoride came out, and Mead Johnson came out with a labeled, all purpose general prenatal vitamin that contained bone meal.  


Feltman's study had begun 14 years earlier, in 1947.  He tested 618 study cases with fluoride, and 461 cases without for controls.  The dose in pregnancy was about 1 mg F, in various salts. He reported that the teeth formed with fluoride "are opalescent, highly glistening somewhat like the inside of an oyster shell, with shallow, well fused grooves and fissures".  Dental caries was knocked down to virtually zero.  At age 12 years the fluoride group had an average .38 cavity per person.


(Feltman R, 1961.  Journal of Dental Medicine, 16(4):190.  The official term for cavity is DMF, Decayed, Missing, or Filled.  Capital letters mean permanent teeth.  Feltman's prenatal fluoride patients had .38 DMF, compared to 5.8 DMF for the controls at the same age.)  


Mead Johnson's "Natalins" really started the move of fluoride supplements into the mainstream.  It contained veal bone ash with "traces of fluorine".  The next year, 1962, brought an explosion of new fluoride products.  According to a trade journal there were 12 new ones in 1962.  Three of these were new prenatal vitamins, and the rest were divided between products for children and infants.  The drops for infants were a mixture of fluoride plus the liquid vitamins A, D, & C.  Mead's brand was "Tri-Vi-Flor".  


(American Druggist, 1963, Jan 7 pg 31.  On page 30 you can see an ad for the Natalins product.  Mead's other fluoride product, and probably their most well known, is "Poly-Vi-Flor".  All of these are trademarks.  The generic terms are prenatal vitamins with fluoride, and pediatric vitamins with fluoride.  "Poly" refers to the B vitamins that are used for older babies.)


Let's review where we are, here in 1962, because change is coming fast.  Fluoride has been coming on as fluoridated water for about 10 years.  This use is growing slowly, a city here and a town there.  It prevents about half of dental caries, and it is not a choice anyway.  You either have it or you don't.  Toothpaste ad campaigns are in full swing, telling us about some expensive choices that prevent about 20% of dental caries.  Same thing for dentists' fluoride treatments (except no ads).  The pharmaceutical market has gone from sleepy generic fluoride tablets to mainstream products that work 100% if used consistently (and about 75% on average).  About 90% of pediatricians are prescribing the new infant fluoride products, and about 15% of obstetricians are prescribing the prenatal fluoride.   According to Berland in a book accepted by the American Dental Association, prenatal fluoride had been endorsed by the World Health Organization, the American Academy of Pediatrics, and the American Society of Dentistry for Children.


Something else happened in 1962.  Thalidomide.  A single dose of this tranquilizer, if taken between day 27 and day 30 after conception, resulted in a child born without arms.  If the dose was taken between days 30 to 33 the arms were less damaged, but the child would have no legs.  The articles with pictures of these children will bring tears to your eyes, but the lessons are powerful.  Be careful in early pregnancy.  Timing is everything.  The FDA sometimes works wonders.


The FDA had prevented Thalidomide from being marketed in the United States, so we were spared the epidemics seen in Germany and other countries.  Hearings were started in congress, and almost every existing drug had to be reviewed by the FDA for both safety and efficacy (efficacy means that it actually worked).  The NIDR (National Institute of Dental Research) testified that there was not enough evidence to say that prenatal fluoride worked.  The safety side was fine, but the efficacy was not.  In 1966 the FDA said that, in effect, any product that had the word "prenatal" or "pregnancy" on the label could not contain fluoride.  The 15 prenatal fluoride vitamins on the market by then rapidly disappeared.  


By 1969, there was only one remaining.  Natalins by Mead Johnson.  Actually, it was a new product called Natalins Plus.  All Mead did was take away any reference to pregnancy on the label, and otherwise keep it exactly the same as their regular Natalins prenatal vitamin.  


Six years later, in 1975, Mead finally dropped their prenatal fluoride.  I do not think it was selling that well since they could not even say the word pregnancy when promoting it.  I think that Mead also figured out that the use of prenatal fluoride in combination with the heavy infant doses they were using at that time contributed to the fluorosis that was reported by Aasenden in 1974.  (There were 3 other studies that did not report fluorosis.  These studies used the same dose, but the children were not born during the PNF window of 1962-67.)  The infant products were selling like hotcakes, and were fine alone.  I think Mead made a practical business decision to cut the prenatal fluoride.  


Mead's history certainly suggests that they thought fluoride was important in pregnancy.  


The next two sections cover two conditions that are not considered birth defects in the classical sense, so we will look at them separately.


Premature puberty.  By this I mean teenagers going through puberty earlier than they might if nutrition early in pregnancy had been optimum.  There is very little direct proof that nutrition has an effect on this, and certainly not much on fluoride.


Mostly we will cover menarche, the onset of menstruation in girls, because the age that happens is well recorded.  Almost everyone who is grinding any axe about changes in modern society brings up that the age of menarche is dropping rapidly.  For example, here are the numbers from Japan:


year

age of first menses


1875

16.5


1950

15.2


1960

13.9


1970

12.5


1974

12.2


(From Dr. John McDougall's book, "The McDougall Plan".  The context here is that the change in diet that is responsible is going from a "traditional starch-centered diet of rice and vegetables to a richer fat-centered diet".  The book is excellent overall.  In the U.S. in 1974 the age was 12.5 years.)


Peto also ties in early menarche and over nutrition in childhood.  Late menarche seems to lower the risk of breast cancer (no cite or data).  


(Peto R, 1981.  "The Causes of Cancer", Doll, pages 1234 and 1237.)


An early age of menarche has been tied to children growing up slightly shorter (growth spurt ends earlier) and considerably fatter. 


(Garn SM, 1986.  Am J Clin Nutr 43(6):879.  The study was based on 16,000 people, and the early maturers were 30% fatter and had a far greater chance of being obese.  A study by the same author found that fatness did not influence early maturity, it was the other way around.  Garn SM, 1983.  J Pediatr 103(2):328.)  


Middle ear infections and congenital deafness.  This is another area where there is very little to go on.


Before we look for fluoride connections, lets look at a few general things.  In general, we know that the ear is formed like other organs, early in pregnancy.  Much of the ear structure is cartilage.  Ear infections are thought to be caused by bacteria, but the question for us is this:  Are there structural problems that help set up a predisposition to the infections?  


The classic explanation I have always heard for middle ear infections is that they are caused by a lack of drainage.  The drainage is supposed to be from the eustachian tube, which connects the middle ear to the throat.  In young children this tube is level and doesn't drain well.  As the child gets older, the tube is more slanted, and that is why the child outgrows the ear infections.  


I am not going to rebut this story or offer a better one.  There are, however, a few clues that are worth looking at.


An excellent clue that there are structural problems with middle ear infections is the tie in with other birth defects.  Children with cleft lip and palate are notorious for ear infections.  One study also found that the more serious cases of ear infections also had serious deformities of the cartilage of the eustachian tube.


(That cleft lip and palate are associated with malocclusion, middle ear problems, and upper/lower respiratory infections, see "The Causes and Natural History of Cleft Lip and Palate", Drillien CM, 1966.  On page 143, it is reported that "middle ear disease in acute, recurrent or chronic form occurred in 52% of the patients suffering from clefts of lip and/or palate during their first 4 years of life compared to 13% of patients in the control series."  The biggest difference was in chronic ear infections, with 41% in the cleft group versus 6% in controls.   Cartilage defects:  Sando I, 1990.  Ann Otol Rhinol Laryngol Suppl 148:13.  Slight changes in shape:  Sade J, 1989.  Ann Otol Rhinol Laryngol 98(8 pt 1):630.  Another "structural" angle is that the middle ear's defense system involves the connective tissue.  When an ear becomes plugged up, "polymorphonuclears appear at three days in connective tissue; at the same time active fibroblasts synthesize tropocollagen and ground substance while epithelial cells secrete mucus and lysozymes."  I am not sure what all that means.  See Goycoolea MM, 1980.  Ann Otol Rhinol Laryngol Suppl 89(3 pt 2):121.)


Other nutrients that affect the matrix affect the ears.  Vitamin A in toxic forms given early in pregnancy causes ear deformities.


(Burk DT, 1992.  Teratology 46(2):147.  Isoretinoin was given on the 8th day after conception in hamsters.  This is equivalent to about day 25 in humans.)


In an earlier discussion in the matrix section we saw that manganese deficiency leads to both physical and functional problems with the ear.


(This is also cited in an excellent book, "Nutrition in Pregnancy and Lactation", Worthington-Roberts BS, 1985.  See page 110.  This book, somewhat before its time, promotes folic acid early in pregnancy on page 92, and also prenatal fluoride on page 116.)


The best source for seeing how the middle ear is tied in to all of the other birth defects, genetic and other wise, is an article entitled, "The First Arch Syndrome".  


(McKenzie J, 1958.  Arch Dis Childhood 33:477.)


As far as fluoride goes, there is not much.  The best tells of deafness being reduced by fluoridated water.


(Muhler J, 1965.  "Fifty-two Pearls and Their Environment", page 146.  This is very explicit prior art:  "Fluorides may play some role in preventing deafness.  The normal incidence of deafness in children is approximately 4.7 percent of the population.  In communities having low amounts of fluorine in the water supply, 4.9 percent of the children examined in one study were deaf, whereas in communities having access to more fluorine, 2.8 percent of the children examined were deaf."  On the same page he notes that Osborne and Mendel [nutrition pioneers at the turn of the century when Steenbock was doing his work] had used fluorine as a necessary nutrient in their artificial diets.  In my defense, all I can say is that Muhler only suggested fluoridated water for this purpose, not fluoride as a supplement, and certainly not as specifically as a particular dose during the first 2 months of pregnancy.  In fact, there is no mention of prenatal fluoride or even infant vitamin fluoride products in the entire book.  Muhler is perhaps best known for his work in toothpastes.  His patented stannous fluoride made millions for Crest [trademark] and Indiana U.  I have not reviewed the patent and do not consider it relevant prior art.)


Excess fluoride has also been reported to cause a hearing loss.  I did not read the original article so I cannot say when the excess fluoride was ingested.  Since it is in a section about severe bone fluorosis, I assume the fluoride was from a well and taken everyday with the water.  


(Rao & Siddiqui, 1962, reported in WHO, 1970.  "Fluorides and Human Health, page 291.)


In the "maybe fluoride" department, there is one report that implies children with ear infections have more cavities.  


(This one is a little bit of a stretcher.  In 49 children who took a lot of antibiotics for ear infections or medicine for childhood asthma, the mean dmft [cavities] was 3.0 and significantly higher than the dmft of 2.1 in 109 children who did not take these medicines.  The author's point was that these medicines contain sugar, and that caused the cavities.  Holbrook WP, 1989.  Community Dent Oral Epidemiol 17:292.)


There is much prior art about preventing cancer with nutrients (other than fluoride).  There are many references about a nutrient (beta carotene, vitamin C, etc) preventing cancer in adults.  However, for prior art's sake we mostly want to look for using the nutrient during pregnancy, particularly early pregnancy.


(We will not cover chemicals and agents used to slow down cancer growth once it has started.  For example, patent application Tius 07/854,414 teaches the use of some compounds to slow down the growth of tumors once they are past the initiation stage.)


Folic acid.  I can not remember seeing anyone say, "take folic acid early in pregnancy to prevent cancer."  There are quite a few hints that this would not be irrational.


There are major studies that were done to try to find associations between leukemia and whatever it might be that is causing it.  No factors have been found that are very strong risk factors for leukemia.  However, one that showed up in one trial caught my eye:  season of birth.  If this season is factored back to find the season of early pregnancy, it is spring, when fresh vegetables are harder to find.  Other studies correlate season with low folic acid.  The best one of these found low blood folates in American women of childbearing age in winter months.  Going back to the leukemia tests, there was one study that did not find a seasonal association between seasons and leukemia.  This was in the Netherlands, the world capital of winter (hothouse) fresh vegetables. 


(Acute leukemia of infancy / excess winter births, p < .05, Texas:  Meltzer AA, 1989.  Chronobiol Int 6(3):285.  Low folate in winter:  Martinez O, 1977.  Am J Ob Gyn 128(3):255.  All leukemias, no clustering with season, Netherlands:  van Steensel-Moll, 1983.  J Epidemiol Comm Health 37(2):145.)


Another hint that comes from season of conception comes from cancers caused by DES.  DES (diethylstilbestrol) is a synthetic estrogen that was given to pregnant women. It caused - about 15 or 20 years later - cancer in their daughters.  The season connection is that the cancers increased if the birth was in the fall, indicating a winter conception.  


DES does not cause cancer in everyone treated with it.  The odds are about 1 in 1,000.  There are three other risk factors, besides winter conception.  Prematurity is one, and that could even be stretched to cause a suspicion of fluoride deficiency.  Another is a maternal history of prior miscarriage (spontaneous abortion).  


(In patent application 07/965,016 I make a case for some fertility problems, including spontaneous abortion, to be caused by folic acid and fluoride deficiencies.  For example, a group of workers found low folate in some mothers who were having this trouble.  "In a follow-up study we tried to confirm this relationship and investigated the folate status in 46 women with habitual abortion [more than three abortions with unknown etiology].  It could be demonstrated that women with habitual abortion showed highly significant [p<0.001] reduced folate levels [7.39 ng/mL] compared with the controls."  The source is Pietrzik K, 1992.  Annals NY Acad Sci 669:371.  In book form, "Beyond Deficiency", Sauberlich HE, ed.  These authors certainly seem to think along the same lines, stating that "folate deficiency itself might be one of the (predominant?) factors in the etiology of [spontaneous] abortion.")


The third risk factor is when the DES was taken.  Early in pregnancy - before the 12th week - is the key there.


Another clue that childhood cancer could be related to folic acid deficiency is from yet another study on risk factors for leukemia (there are lots of these).  A group of Dutch doctors found that fertility problems before the pregnancy increased the risk of leukemia to 6 times normal.  


(Fertility problems were by far the highest ranked in the factors covered in this study, including mothers smoking tobacco and drinking alcohol, viral infections, and even radiation [risk = 2.2].  These doctors should also get credit for focusing on causes in and before pregnancy.  Van Steensel-Moll HA, 1985.  Inter J Epidem 14(4):555.)


In another study of risk factors for childhood leukemia, a big risk factor was cleft lip or cleft palate - risk 5 times normal.


(Also difficult labor, at 4.5.  The biggest risk factor in this study was Down's syndrome at 32.5, and some other syndromes are mentioned.  Zack M, 1991.  Cancer Res 51:3696.)


The most interesting work with folic acid and cancer is with how folic acid seems to directly affect the genes for cancer.  In our earlier discussion on Fragile X, we saw that folic acid seemed to prevent the fragile site from showing on the chromosome.  (In order to see the fragile cite, cells must be grown in a medium that is deficient in folic acid.)  Other fragile sites are also interesting in cancer.  


A group of workers looked at human genes and looked to see where three things were located:  proto-oncogenes ("cancer genes"), viral integration sites (where viruses actually get into our genes), and fragile sites.  Out of 35, "18 viral integration sites, fragile sites, and proto-oncogenes were localized at the same bands or one band distant."


(See Popescu NC, 1990.  Hum Genet 84(5):383.  Clustering was highly significant, to say the least.  The "p" value, or the chance of this finding being a fluke, was .0000118, or less than one chance in 80,000  [1 divided by "p"].)


There is a very rare genetic defect that causes people not to be able to use folic acid.  Such a family has been studied.  Even if given extra folic acid, their tissues are still very low.  This family suffers from an "extremely high incidence of leukemia".  The authors who discuss this make a fair case that low folic acid could cause cancer in adults, and suggest that adults use it to prevent cancer in themselves (as opposed to their offspring).  It is noted that about 2 out of 3 women in low income groups are low in folic acid.


(The family's story:  Branda RF, 1978.  New Eng J Med 298(9):469.  Of 34 members, 18 had blood problems and 5 had leukemia.  Discussion in "Beyond Deficiency", Annals of New York Academy of Sciences vol 669, 1992.  Chapters by Heimburger DC on page 87 and by Butterworth CE on page 293.)


(Let's cover doses of folic acid very quickly.  Generally the dose is .4 to 1 mg in early pregnancy.  I advise a supplement just to make sure.  Good foods for folic acid, are raw spinach and other greens.  These have about .1 mg per cup.)


Vitamin C and cancer.  This is a good place to bring up Dr. Linus Pauling's well known work with vitamin C preventing cancer.  Unfortunately I have not read enough of it to give a good review.  It is my impression that it is mainly meant for adults, as opposed to pregnant women.  However, he was working on collagen very seriously at about the time his colleagues Watson and Crick published the structure of DNA.  That could be a clue that Pauling thought collagen was as important as genes.  Vitamin C is essential for cross linking in collagen.  (That is why a lack of it causes scurvy.  The first symptoms of scurvy are skin that bruises easily and bleeding gums.  What is happening is that as connective tissue turns over, which it does constantly, new crosslinks are not made.  Cells literally start falling apart from each other, and blood starts coming through.)  


Vitamin A and cancer.  This is probably the area with the most prior art, but none of it has to do with pregnancy as far as I know.  I will only give one little tidbit that may.  The gene that causes one form of leukemia (APL) seems to be on a gene that is very important to vitamin A being used in the body.  


(Vitamin A and cancer in general, see Bertram JS, 1987.  Can Res 47:3012.  For the leukemia gene - it is a breakpoint and translocation, within the retinoic acid receptor - see Alcalay M, 1991.  Proc Natl Acad Sci USA 88(5):1977.)


Does cancer begin in pregnancy?  Unlike birth defects, where the timing is known down to the hour almost, the exact time when cancer begins is a little more of a mystery.  Here are three quick references that are purely about timing.


The most recent and relevant work is by some Russian scientists.  Essentially they found that the only time you could cause a predisposition to cancer was while the organ was being secreted as matrix, and just after that time while the cells were filling the organ shape out.  For most organs this is during the second month of pregnancy.  


(See the earlier cites by Napalkov in the section on matrix structure.)


The most precise timing in human cancers is work done on the effect of X-rays during pregnancy.  There are two reasons to suspect that early pregnancy was the most important time.


The first is looking at when the most cases occur.  If the X-rays were given in the last three months of pregnancy, the cases of lymphatic leukemia caused by the X-rays peaked at age 3.5 years.  This is one year later than the natural peak for this type of leukemia, 2.5 years.  This would imply that normally it is caused even earlier than the X-rays.  


The second reason is looking at who got cancer according to exactly when the X-rays were given.   If the X-rays were in the first 3 months, the risk goes up to about 8.25 times more likely to get leukemia.  In either of the other two trimesters, the 2nd or 3rd, the odds are about the same, about 1.5.   The risk in the first trimester is apparently about 5 times as great as either of the other two trimesters.


(Both studies are by the same authors on a group of about 15,000 children in England.  Stewart A, 1970.  Peak years:  Lancet July 4, 1970, i:4.  By trimester:  Lancet June 6, 1970,  ii:7658.)


The third is some reports on causing cancer in mice by giving them estrogen near birth.  "Cancer of the cervix in the aged mice in this experiment followed an event that took place on the 1st day of life.  This suggests that when clues to the etiology of cancer are sought in human populations, every effort should be made to obtain the prenatal and early postnatal history of patients with cancer."


(Dunn TB, 1963.  J Nat Can Inst 31:425.  See also Takasugi N, 1964.  J Nat Can Inst 33:855.)


There is a fair amount of prior art that concerns both cancer and fluoride, but most of it is negative.  We should begin this most important part with the most authoritative reviews.  I will give two.  The first is from two Englishmen, Richard Doll and Richard Peto.  I highly respect their work, in such diverse fields as inventing the modern clinical trial and meta analysis.  They were among the first to prove connections between aspirin / (preventing) heart attacks and cigarettes / lung cancer.  


In their 1981 book, "The Causes of Cancer", they remark that often in cancer work hard proof is not available, and we have to use strong circumstantial evidence.  They do not cover fluoride as a food supplement, but they do cover fluoridated water.  They dismiss the claims that fluoridated water could cause cancer.  They cite a study (we will cover it later) in which fluoridated water did lower cancer slightly, and say that, "nobody seems to have claimed that fluoridation prevents cancer."  Indeed.  In my 4 years of researching this question, that is the most positive statement I have seen.


The other authoritative review is by the United States Department of Health and Human Services.  This was in 1991, following the cancer concerns raised by the NTP report about cancer in rats (which we will get to later).  This is a voluminous report, with almost 100 pages of review, and almost 50 pages of references.  They concluded that U.S. policy should be to continue to use fluoridated water, and other fluoride products.  They did accept the results from the rat study, but overall said there is not an association between fluoride and cancer.


(See Mason JO, 1991.  "Review of Fluoride, Risks and Benefits".  DHHS, Washington DC  202-727-3312.)


Now let us go through some of the individual studies that are most relevant to using fluoride early in pregnancy to prevent cancer.  The most relevant to me are the ones on fluoridated water.  Since pregnant women do drink the water, one could logically expect at least some reduction if fluoride had that effect.  Well, generally speaking there is no effect shown.  


In England, a check of about 2.6 million people, divided about evenly in fluoridated and non-fluoridated areas, found no overall association in 9 types of cancer.  At first glance, bone cancers did look a little lower in the fluoridated area to me, at about 90% of what would have been expected, and the lowest of all the 9 ratios.  In contrast, the low fluoride areas had higher than expected rates of bone cancer, at about 120%, and this was the highest of the 9 ratios.  However, I doubt that this is statistically significant.  Even if it were, this does not really relate to pregnancy because of one of the details.  Most bone cancers are at a very specific age, about age 17.  Most of the places in the test area had just started the fluoridation.  (The fluoridation was started from 1 to 13 years before, with a rough average of about 5 years.)  Therefore we are not looking at fluoride in pregnancy versus not.  Leukemia, which occurs much earlier in childhood, at about 3 to 4 years, would have been a fair comparison.  Unfortunately, leukemia rates were not checked.  (Another part of the report looked at naturally fluoridated areas, and bone cancers there showed no difference in higher or lower areas.)


(Kinlen L, 1975.  Brit Dent J 138(6):221.)


In New Zealand a study did find a slight preventive effect from fluoridated water (this is the one Peto noted above).  The cancer death rate in the fluoridated areas was about 93% of that in the non-fluoridated areas.  However, once again this comparison is not about pregnancy.  The age group checked was age 45 years and up, and the fluoridation had only been going on for 13 years.


(Goodall CM, 1980.  NZ Med J 92:164.)


The other very important point is that even if these studies had covered pregnancy, I do not think they would have gotten enough fluoride from fluoridated water.  The basis for that is the work of Dr. Glenn on preventing pits and fissures.  This test was in a fluoridated area, yet 97% of the children still had pits and fissures if they did not get extra fluoride supplements.  Although not as clearly, you also see that fluoridated water is not enough in studies of whether fluoridated water during pregnancy makes a difference in dental caries.  Most of them get a minor positive result (like about 10%), compared to an average of 80% from supplements.  If I have learned only one thing from Dr. Glenn it is that fluoridated water does not supply enough fluoride during pregnancy.  


(Pits and fissures:  Glenn, 1984.  J Dent Child 51:19.  Fluoridated water during pregnancy:  Horowitz HS, 1967.  Pub Health Rep 82:297.)


Fluoride has been used to prevent cancer, as long ago as 1946.   However, it was a massive dose, as a poison, and not during pregnancy.  


(Tannenbaum A, 1946.  Can Res 6:499, and, in 1949, Can Res  9:403.  The rationale was that since low food intake prevents cancer, what if metabolism was slowed down with a chronic poison.  The test group of mice was given .1 % NaF in their diet.  This high fluoride reduced food intake by 10% and weight gain by about a fourth.  At the end of the test 74% of the control group had cancer, versus 42% of the fluoride group.  There was no suggestion that fluoride itself prevented the cancer in any way other than by being a poison.  Another poison - dinitrophenol - had even better results.  The relationship of fluoride and cancer and birth defects are reviewed in 1966 by DiPaolo JA.  Arch Path 81:3.)


(Fluoride compounds have been used to slow down tumour growth, but the active part of the compound was thought to be tin.  These workers thought cancer could be caused in part by a deficiency of tin.  See Cardarelli, 1984.  Aust J Exp Biol Med Sci 62(part 2):199 and 209.)


NTP.  Of course, the biggest cancer story about fluoride in our time is the "NTP" (National Toxicology Program) report in 1990.  I feel a little sheepish as I prepare to rip it to shreds, and you should bear in mind that this study has been pretty well accepted by all reviewers.


(A free copy of the NTP report is available from the National Toxicology Program at 919-541-3991.  "Toxicology and Carcinogenesis Studies of Sodium Fluoride".  A similar study that found no association is Maurer JK, 1990.  J Nat Can Inst 82:1118.)


The report was that very high doses of fluoride probably caused an unusual type of osteosarcoma (bone cancer) in male rats.  This conclusion was well based on the following:  When the water contained zero fluoride, there was zero bone cancer.  When the water had 11 ppm F (1 is normal fluoridated water), there was also zero.  When the water had 45 ppm, the first bone cancer shows up (2% of the animals), and when the water had 79 ppm, the bone cancer rate went up to 4%.  That is clearly a dose related response.  


However undeniable this one line of data may be, there were about 120 other lines for other types of cancers and other animals (female rats, male and female mice).  None of these other lines showed anything that the researchers were looking for.  The point I would like to make is that the general opinion that "fluoride is a poison" is so strong that no one looked for the opposite effect, of preventing cancer.   There was no comment that the rats that got no fluoride did not do too well cancer wise either.


Looking at the same male rats, and at all types of cancer, the zero fluoride group had the highest cancer rates in 25 types of cancer.  This is out of a total of 32, and compares to 7 out of 32 for the highest fluoride group.  In the blood system cancers it was even more dramatic: in 9 out of 11 cancer types the cancer was highest for the zero F group, versus a measly 2 out of 11 for the high F group.  These numbers, while impressive, do not really mean that much.  By the time you add up all the lines for all the animals it all pretty much comes out in the wash.  (Although the lower fluoride groups do have slightly more - not less - cancer, overall.)  What is significant is that if this trial was on vitamin A people would have set the statistics up to catch these "favorable" lines and trends.  


(To be honest I did not catch these the first time I went through it either.  It was Dr. Darby Glenn who noticed the general trend.  We should also note that the fluoride in this trial was given to grown rats and mice, not during pregnancy.  The full NTP report is about 1 inch thick, and is available free of charge if you call 919-541-3991 and ask for the NTP report on fluoride.)


The NTP report (and reviewers) also missed a few important references.  The obvious way to look for a fluoride association is to check the bones of the cancer patients.  (It is well known that about half of the fluoride that is consumed ends up stored in the bones, and it is an excellent indicator of longterm fluoride intake.  The DHHS reviewers did call for studies on this.)   


As early as 1964 experts looked at the fluoride content of the bones of osteosarcoma patients.  The results were pronounced as normal.  However, the patients in this series were born way before fluoride supplements became popular, and in my opinion the entire group was likely deficient.  We do not know what the optimum level of fluoride is in bones.  The levels in teeth in Dr. Glenn's well supplemented group are about twice that of children who grew up in a fluoridated water area.


(Lucas HF, 1964.  Science 144:1573.  Glenn FB, 1984.  J Dent Child 51(5):344.  F w/ F H2O only .014%, w/ F H2O and PNF .035%)


There are general studies of fluoride levels in bone.  Most are done by autopsy, and generally do not include people under age 20 years for lack of samples.  Unfortunately, under 20 is the age of the people who get the vast majority of the bone cancer.  But there is one Japanese study that did include some young people.  Here are the results, along with the normal incidence of bone cancer.  (These are two different populations, one in Japan, one in the USA.)



1st decade


2nd decade

3rd decade



(0-9 yrs old)


(10-19 yrs)

(20-29 yrs)

Cancer cases:

6

 
47


 18


(%)

F in bone:

148


122


244

(ppm)


These data clearly make it appear that if anything, osteosarcoma happens when the bones are the lowest in fluoride, not the highest.  


(Cancer cases:  Unni KK, 1988.  "Bone Tumors", graph on page 108.  F in bone:  Susuki Y, 1979.  Tohoku J Exp Med 129:327.)


In my opinion the reason the bones of these young men are low in fluoride is because they are using it up faster than they can take it in.  There is no problem with young bones taking up fluoride if it is available.  In rats, young bones take it up about 2-4 times more than old bones.  In young dogs (this whole report is going to go to the dogs in a minute) it is even more pronounced.  When dogs are 6 weeks old, the bones will take (out of their blood) 10 units of fluoride for every 1 the dog will clear by urine.  By the time the dog is 2 years old (growth mostly finished), the bones go 1 for 1 with the urine.


(Rats:  WHO, 1970.  "Fluorides and Human Health" page 110.  Dogs:  Newbrun E, 1986.  "Fluoride and Dental Caries", page 187.)


Another way to look at this bone angle is to look at people who have ultra high fluoride in their bones.  There are factories that use a high F mineral called cryolite.  The workers there take in 40 to 80 mg per day (that is a lot compared to a normal adult dose of .5 to 1 mg) from the dust.  About 17% of the long term workers eventually end up with bone fluorosis bad enough to be noticed.  In this group of 431 men there were no cases of bone cancer or any other cancers of the connective tissue.  (Bear in mind most of these workers would be over age 20, and only about a third of bone cancer cases happen then.  The expected number of total connective tissue cancers for this group would be .2, or almost zero anyway.)  Lung cancers were about twice as what would have been expected in this group.  


(Grandjean P, 1985.  Amer J Epidem  121(1):57.)


The final (gasp) reference to look at that was missing in the NTP report is what happens to rat bones that get the dose of fluoride that was given to them.  (Some of the reviewers did catch that the rats' cancer was in their backbones, not the usual long bones as in humans.  The difference is that long bones are "growers" mostly, and backbones are "remodelers", meaning they are constantly tearing themselves down and rebuilding.)


In rats about the same age that got about the same doses as the NTP rats, there were changes that were visible in the same back bones that got the cancer.  "The resorption cavities ... have a distinct resemblance to ... bone following radium radiation".  


(Rockert H, 1963.  Acta Pathologica Et Microbiologica Scandinavia  59:32.)


That is the end of the specific references that should have been included in the NTP paper about fluoride and bone cancer.  There are also two general ideas that really should have been stressed: diet and growth.


Diet wise, we see that all three of the species that get osteosarcoma have artificial diets.  Lab rats, humans, and dogs are the only animals I know of that get it.  In the humans we see the connection to growth in the sense that the osteosarcoma happens in the long growth bones, and during the adolescent growth spurt.  In dogs there is a similar connection.


Big dogs get it, little dogs do not.  "Based on ... 404 cases studied, the risk of bone sarcoma among giant dogs (over 80 lbs) is estimated to be no less that 61 times the risk among small dogs (under 20 lbs), and possibly as high as 185 times the risk for small dogs."  Anyone who has raised a giant dog from a puppy knows what the difference is between big dogs and little dogs:  growth, phenomenal growth.  The risk in dogs goes up exponentially with the size of the dog.  The author thought that diet might be important:  "malnutrition among puppies of the larger breeds is not uncommon and may, in turn, be responsible for early defective bone formation which later results in bone sarcoma."


(Tjalma RA, 1966.  J Nat Can Inst 36:1137.  An author who discusses the relationship between bone growth problems and osteosarcoma is Sutow WW, in his 1973 book, "Clinical Pediatric Oncology".  He notes that bone cancer seems to be predisposed by various skeletal defects and a condition called fibrous dysplasia.)


There is other prior art that indirectly implies an association between cancer and what might be fluoride deficiency.   This is, once again, looking for people who say something like, "these kids with cancer sure have a lot of cavities".  


Caries.  The most striking (to me) tie-in between fluoride and leukemia is a paper about a group of leukemia kids and their cavities.  The cancer children had 5 times the rate of dental caries, compared to other children in the neighborhood.  


(In the study there were 111 children, 37 with cancer, and 74 healthy controls.  The controls, 2 for each cancer child, were selected from schoolfellows, of the same age, sex, and social background.  These children were from Finland, where all the children got similar dental care at community centers.  Each child would visit the dental center once per year, starting at age 3 years, so for most there were dental records long before the children were diagnosed with cancer.  All of the children lived in areas with low fluoride in the water.  The results:  "The mean dmfs [in effect, cavities: decayed, missing, filled surfaces] scores for the primary dentition [baby teeth] were higher in the cancer group than in the controls, the differences being significant (p < 0.01) at the ages of 4 and 5 years.  The DMFS [cavities in permanent teeth] values in children with cancer were also significantly higher (p < 0.05) than in the healthy controls at all ages above 8 years.  The caries incidence before the diagnosis of leukemia and during its therapy, and also during the treatment of other cancer disease, was 3-5 times higher than in the controls.  Once the diseases had been cured, and before the diagnosis of any other forms of cancer, there was no difference between the patients and the controls."  The authors discuss various explanations, more or less ruling all of them out.  They do not even mention a fluoride deficiency, and conclude:  "The reason for the high caries incidence observed even before diagnosis of leukemia ... remains obscure."  Pajari U, 1988.  Caries Res 22:318.  In another paper the same author rules out chemotherapy, finding it actually reduces caries.  Scand J Dent Res 97:14.)


Fast teeth.   To be impressed by this next reference, you must assume that fluoride deficiency causes fast teeth.  I think this is true, but I can not find any specific proof of that.  All we have is that teeth with fluoride - prenatal fluoride - are extra slow.  There is not even any statistical evidence of that, just a comment by one author that he found "a delay in the eruption of the teeth, in some cases by as much as a year from the accepted eruption dates".


(Feltman G, 1961.  Journal of Dental Medicine, 16(4):190.  There are some great papers on what the normal variation is in eruption dates, and it is about 2 years.  See Garn SM, 1959.  J Dent Res 38(1):135.  Garn has also shown that the timing of the eruption is set up in pregnancy, quite early.   Garn SM, 1971.  J Dent Res 50(Supp6):1407.)


The main reference here is by the same author as the caries, Pajari, and the same care was taken to have a good control group.  The results were that the cancer kids' teeth were about a full year faster than the controls.  


(Most of the 38 cancer cases were leukemia cases - 24 -, and mostly acute lymphoblastic leukemia.  The 14 other cases included 7 other types of childhood cancer. "The mean dental age of the children with anti-cancer therapy was 12.3 years and that of the controls 11.4 years."  Two sample cases were presented, both with leukemia.  The first was age 16, and had the same dental age.  The second case was age 10 years old and had the teeth of a 16 year old.  An interesting effect of the chemotherapy and radiation isp.  Another author included some dental age information strictly on osteosarcoma patients.  The results were "normal", but as I read them it appears the cancer children are about 1 month faster than the controls, on average, and the specifics are not given.  Brostrom LA, 1979.  Acta Orthop Scand 51:755.)


Pits and fissures.  There are no articles about whether cancer patients have more or less pits and fissures in their teeth.  However, there is one about bones.  A German team looked at how white blood cells leave the bone marrow after they are formed.  There was a difference between normal white blood cells and leukemic white blood cells.  (The fundamental problem is that in leukemia the blood cells get out of the bone marrow before they are mature.)  In the leukemic bone marrows, it appears that the cell layer right above the basement membrane does not cover it as well.  It is not pits and fissures per se, but sort of analogous.


(Petrides PE, 1990.  Blut 61:3.  This article is an excellent description of leukemia.  Petrides says that leukemia is not caused simply and only by a physical problem in the barrier.  See below.)


Prematurity.  Here we have two unrelated references in the prior art.  In the Petrides article above, he implies that the main problem is probably in the leukemia cells pulling off of the matrix prematurely.  Some of the problem relates to collagen metabolism.


The other connection between cancer and prematurity is with the DES cases.  DES caused the cancer, but only in about 1 per 1,000 daughters exposed to it.  If the daughter were also born prematurely, she was more likely to get the cancer.  


(See Herbst AL, 1990.  Semin Surg Oncol 6(6):343.)


Let's look at DES just a little more.  Let's focus on estrogen (DES is synthetic estrogen) and matrix.  If young mice are given estrogen, it causes major changes in bone growth, especially in the bone marrow.  Cancer of a special type of white blood cell (lymphocytes) occur in about 10% of the mice.


(Gardner WU, 1944.  Cancer Res 4(2):73.  See also Upton AC, 1966.  Natl Cancer Inst Monogr 22:329.)


F-supps  There are some clues that almost tie in fluoride supplements and osteosarcoma in Sweden.  A study found that the average age of the patients was changing, going up.  Now with a long stretch, you could suggest this is related to the use of fluoride supplements.  In other words, in the last 30 years since people started using fluoride, less young people - the ones using it - are getting osteosarcoma.


(The connection is tenuous at best, and the study does not give the incidence by birth year, which could help tremendously.  Stark A and Kreicbergs A, 1990.  J Bone Joint Surg 77-B(1):89.  Since the average age of osteosarcoma is about 17 years, the study covers births from roughly 1954 to 1967.  Here is the schedule of F supplements used over the years in Sweden, from a letter from Dr. B Forsman:  





Prenatal F
Infant F
Child F


1959 (Circular 101) 
yes

yes

yes


1971 (Circular 69)
no

no

yes)

Primitive people did not have cancer.  (And presumably had more fluoride.)  


Dr. Weston Price "found entire cultures with neither tooth decay nor children with misshapen dental arches and crowded teeth.  He interviewed an American medical doctor living among Eskimos and northern Indians who reported that in thirty-five years of observation, he had never seen a case of cancer among the primitives existing on their native foods."  


In other cultures in the Pacific, he noted that "the incidence of dental decay on a given island was directly proportional to how long a store had been present.  Children born after parents began using refined foods often developed abnormal dental arches, as did a large majority of white children on Thursday Island.  The government physician for the Torres Strait islanders stated that in his thirteen years with them, among the native population of four thousand he had never seen a malignancy.  He had operated on several dozen malignancies among the white population of about three hundred."


(These quotes are out of "Traditional Foods Are Your Best Medicine", Schmid RF, 1987, pages 7 and 24.  This is a great body of work, and Dr. Price suspected "some deficiency in modern diets caused the problems", particularly during early pregnancy.)


A FEW LAST DETAILS, SUMMARY  


Choice of doctor.  A woman interested in preventing birth defects should see her doctor well before pregnancy.  Generally this doctor would be an OB-Gyn.  A tremendous advantage of an OB is a very current knowledge of all of the other factors (chemicals, drugs, genetics, etc) that are known to cause birth defects.  Roughly 10% of OB's are prescribing prenatal fluoride (for the child's teeth) on a routine basis.  About 70% will, if asked by the woman.  About 50% of dentists think the time to start fluoride is during pregnancy, and most will prescribe it if asked.  About 90% of pediatricians prescribe fluoride for infants on a routine basis.  Pediatricians are usually far more familiar with nutrition and how it affects children as they grow up.  


Convincing your doctor that fluoride is important.  The best take off point is folic acid.  This area is so well known, proven, and logical that it is virtually undeniable.  An excellent article on this can be found in a recent issue of The New England Journal of Medicine (December 24, 1992, page 1832, Dr. Andrew Czeizel).  


An excellent book on the subject of nutrients and birth defects is "Developmental Nutrition" by Dr. Lucille Hurley.  Another, slightly more general, is "Nutrition in Pregnancy and Lactation" by Dr. Bonnie Worthington-Roberts.  Both of these stress folic acid, and both are right out of the obstetrics section of medical libraries.  The former introduces the subject of nutrition preventing birth defects with a note about bone meal, and the latter has a good discussion of prenatal fluoride preventing dental caries. 


Dr. Glenn's 1982 paper is specifically about the safety of fluoride during pregnancy.  From your doctor's point of view, whether or not fluoride will actually do anything positive is a relatively minor question.  Your doctor's main concern will be for the safety of your child.  (American Journal of Obstetrics and Gynecology, volume 143, page 560.)  


A second type of safety paper is one that sort of draws the boundary by showing what happens when a child gets too much.  The best is Dr. Aasenden's 1974 paper about fluorosis (white spots on teeth) in children who took .5 mg as newborns (about 7 pounds).  (Archives of Oral Biology, volume 19, page 321.)


A third safety approach is comparing the dosage you want to take (.5 mg for an adult, about 125 pounds) to the RDA (recommended daily allowance).  The 1980 RDA for fluoride for adults is 1.5 to 4.0 mg per day.  ("Recommended Daily Allowances", Ninth Revised Edition, National Academy of Sciences.)


A good piece of evidence that fluoride is good for you is a picture of teeth formed with fluoride.  There is something about the look that has a tremendous appeal.  Dr. Glenn's foundation is a good source.  (Children's Dental Research Society / 7741 SW 62nd Ave / Miami FL 33143  USA.)


When you want to make the connection between fluoride deficiency and birth defects things get a little tenuous.  The best one is Dr. Glenn's 1984 paper about pits and fissures.  Your doctor will know that pits and fissures are more or less closure defects.  If fluoride can prevent them when they occur later in pregnancy, it is not too great a leap to think that fluoride could prevent other closure defects when they occur early in pregnancy.  If you live in a fluoridated area, note that even here 97% of their children have physical defects of the teeth that are caused by fluoride deficiency in pregnancy.  (Journal of Dentistry for Children, volume 51, page 19.)


The leap to cancer prevention looms large.  The best focus is on leukemia, since it is more or less thought to be caused early in pregnancy.  Dr. Pajari's 1988 paper on leukemia children having five times the rate of dental caries of neighboring children, before being diagnosed with cancer, is the most direct connection.  (Caries Research, volume 22, page 318.)


More information on any of these subjects is available to the public from Prophy Research Corporation / 2464 Halelaau Pl / Honolulu, HI  96816-3404  USA.


Prescription products to use.  There are many safe and effective forms of the mineral fluorine, which are generally known as fluoride.  There are at least three types of prescription fluoride that will be convenient.  


1.  Plain sodium fluoride tablets, 2.2 mg NaF, provide 1 mg F.  A half tablet per day will provide .5 mg F.  


2.  Pediatricians are very familiar with fluoride for toddlers.  These are the type of vitamin-mineral-fluoride products that are designed for 2 - 3 year olds.  These contain in one tablet .5 mg F and other vitamins and minerals.  


3.  There are adult vitamin-mineral-fluoride products that are excellent choices.  An example is the "o-cal f.a." (trademark) tablet available from the Pharmics company (800) 456-4138.  This contains .5 mg F, 1.0 mg folic acid, 5,000 IU vitamin A, as well as adult doses of 14 other vitamins and minerals.


4.  A fourth choice is to ask your doctor to ask your pharmacist to custom make a product for you.  This one is expressly designed for periconceptual (the period near conception) use.  This is an ideal product that would contain in one product both the current invention (.5 mg F) and the state of the art in other nutrients for early pregnancy.  Here is the recipe:



Fluoride .5 mg F (1.1 mg NaF), Beta Carotene 8000 USP units, Vit D3 400 USP units, Vit E (d-Alpha Tocopherol) 30 USP units, Vit C (Ascorbic Acid, Mn, Zn Ascorbate) 120 mg, Folic Acid 1 mg, Vit B1 1.7 mg, Vit B2 2 mg, Vit B3 20 mg, Vit B6 10 mg, Vit B12 (Resin Adsorbate) 8 mcg, Biotin 150 mcg, Pantothenic Acid 10 mg, Ca (Citrate) 500 mg, Fe (Gluconate) 50 mg, Mg (Cl) 150 mg, Cu (Cupric Oxide) 2 mg, Zn (Ascorbate) 25 mg, Mo (Na) 25 mcg, Mn (Ascorbate) 5 mg, Cr (Cl) 25 mcg, and Se (Chelate) 25 mcg.


Non-prescription products to use.   Fluoride may also be purchased without a prescription.  Here are two examples.


1.  A good source is ocean fish, in a can and including the bones.  About 170 g (6 ounces) of canned salmon a day is a delicious choice.  


2.  Bone meal tablets, about 8 tablets per day, are another choice.


(Either of these choices will provide the bioequivalent of a 1.1 mg NaF (.5 mg F) dose.)


Doses to use.  It is my opinion that .5 mg F is a fine dose to use for all modern women.  This will not be too much for any woman who is living in normal circumstances.  Assuming fluoride will prevent birth defects and childhood cancers, .5 mg should be enough even for someone who was getting no other sources of fluoride.  However, if it is not too much trouble, the daily dose in mg can be calculated a little more closely:





F H2O

Low F in water (<.3 ppm)

Good eater and drinker
.25


.5

(eater of good sources of fluoride and drinker of tap water)

Regular eater/drinker

.5


1.0*

High risk


1.0*


2.0*

(previous birth defect or fertility problem)

(*There are no known risks with any of the doses in this table, and the following cautions can be ignored.  However, doses of higher than .5 mg are probably more than a natural meal's intake.  For extra care, particularly between day 17 and day 57 of pregnancy, intakes of over .5 mg should be taken in separate doses.  Care should also be taken to not cause a sudden increase in fluoride intake.  Daily intakes of over .5 mg should be phased in over a few week's time.)


Timing of preventing birth defects and childhood cancer.  In order to prevent a birth defect or a predisposition to cancer that is caused by a nutrient deficiency, it is necessary to begin the nutrient before the defect occurs.  For neural tube defects this is about the 21st day after conception, and for cleft lip about the 42nd day.  The precise timing of all birth defects and predispositions to cancers is not known, but the vast majority occur in the period that begins near conception and ends about two months later when the embryo is complete and is called a fetus.  It would be best to start this prevention program before conception if possible.




