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Upon a pale horse death rode to reclaim what had been spun
And upon a clay tablet life rose to birth what had begun.
And who could say for truth or dare?
What held and drove the beating hoofs of the mare?
And who could say in honest words?
What light has shown through clay’s crystal orchards?
Who but God himself and mystics born?
But God speaks not and mystics simply sit and churn...
Which only leaves the clay tablet upon which life rose
Beneath the pale horse death rode.
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For those who seek answers
by asking better questions
For those who seek solace
holding fast to and in the center of life’s storms
For those who seek a more natural way
A truer, both older and newer way
For those who seek the greater power
of water, earth and sunshine
For those who wish to begin to leave
disease far behind
May this work lead you
One step closer
To the place you most need to go…
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Introduction
This section contains some of the most interesting and revealing documents ever to be
compiled about the use of clay for health. It includes a few simple articles and some landmark
scientific studies that demonstrate beyond a doubt the profound effects clay use can have on
health.
The author is deeply indebted to each and every source for permission to use the work in this
book. Without their support, book two would not have been possible.
Although the upcoming books three and four (Volume II) will present far more practical
information on using clays and the science behind therapeutic clays, it is pertinent to point out
some important facts that Book two has presented, in order to dispel some prevalent myths about
healing clays.

I feel that it is imperative that the general public be made aware of certain

undisputable truths.
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Which Clays to Use

On Which Clays to Use
First, the quality of any clay cannot be determined by the dominant cation (calcium, sodium,
magnesium, etc.). It is a myth that only calcium bentonites have value. Sodium bentonites and
calcium bentonites, as well as micas and amphorous clays all have unique properties that can
make them invaluable for use.
Particle characterization alone is not a definitive indicator of the quality of any clay. Whether
the crystal is highly structured, severely fragmented by weathering, or highly specialized (such as
clays like French illite), different clays have unique value because of their differences.
Mineral content alone is not an indicator of the quality of any given clay. Some clays known
for therapeutic value are incredibly (comparatively) clean, while others are incredibly rich with both
inorganic and organic matter (such as Pascalite). Some are rich in minerals but devoid of organic
compounds.
The pH of any clay is not a valid indicator of the quality of the clay. There are incredible
alkaline therapeutic clays and incredible acidic clays. Some of the best clays for internal use are
closer to neutral.
The safety of any clay for human use cannot be determined by a Material Safety Data Sheet.
A mineral analysis needs to be examined and compared to actual human use (or animal use)
results. Consumers should also be aware that there are falsified mineral analysis reports being
used to market clay in the United States.

Remember that all natural smectites are

aluminosilicates.
All of the available scientific data that can be used to contrast clays is only beginning to
provide us with a glimpse into what makes each therapeutic clay such a special gift of nature.
Data should not be used to hold one clay above another; such an abuse of science cannot be
tolerated if we are to serve the public’s highest interests.
In fact, readers should be advised that there are very few individuals in the world that study
more than one clay, and therefore, very few individuals in the world that are even remotely
qualified to form an opinion about any clay other than the one having been studied by the
individual.
However, there are highly committed and individuals of incredible integrity involved in the
world of therapeutic clays. These individuals and companies are always given fair recognition at
the Eytons’ Earth Project Website (www.eytonsearth.org).
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How, then, should an individual choose what clays to use? Personal experimentation and
personal experience are excellent teachers.

Based on my own experience, here is what I

suggest:
First, those people interested in clay therapy should acquire a high quality, base healing clay
in bulk. There may come a time when an individual may need to use four, five, even six lbs of clay
for one person’s healing treatment. Buying in bulk is more affordable. A base healing clay should
work good as an edible clay, for clay baths, poultices, compresses and general skin care.
A family interested in studying clay therapy should always have at least forty to fifty pounds of
good, all purpose clay on hand at all times; at least ten pounds prehydrated, stored correctly, and
ready to use in the event of an emergency.

I use a green calcium bentonite, but other

knowledgeable individuals have their own favorite base clay that they rely on for clay therapeutics.
Next, it is wise to accentuate your favorite all purpose healing clay with specialty clays.
Individuals shouldn’t be afraid to experiment, provided that the sources one acquires the clay from
is reputable. It is important that clay be used internally on a regular basis. A high quality edible
clay, which may be a bit more expensive, is worth its weight in gold.
Additionally, clays like green French illite are excellent to have on hand. A good sodium
bentonite for internal use and bath use is excellent, as well. A good acidic, sedimentary clay can
be invaluable.

There are several high quality North American calcium bentonite deposits to

explore as well. Clays from Morocco make a nice addition to a cosmetic clay collection. There are
also some very interesting Russian sedimentary clays that have gained recognition for their
therapeutic properties.
Regardless of which clays a new disciple finds, nothing beats personal experience. Clays
which sit unused cannot do much healing! It is my hope that the documents that follow will act to
encourage people to use therapeutic grade clays on a daily basis, as a part of an increasingly
healthy lifestyle.
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Oligodynamic Silver & Smectite Time Kill Study
Initially Conducted in April of 2002

This study documents the results of a high quality colloidal silver product combined with
natural clay (smectite) and tested against staphylococcus aureus. The results of the study indicate
that the addition of colloidal silver improves the antibacterial properties of a high quality, natural
calcium-based smectite against gram positive bacteria (the direct effect that clay has on gram
positive bacteria is negligible compared with its effect against other types of pathogens).
Conversely, the effectiveness of the silver was reduced.
The study was commissioned by Jason R. Eaton of Eytons’ Earth (www.eytonsearth.org)
and completed by Stephen Quinto, founder of Natural Immunogenics Corporation.

Hydrated Clay

Partially Hydrated Raw Clay

The antibacterial efficacy of Bentonite -- combined with Sovereign Silver (solution A), and
without Sovereign Silver (solution B) -- was evaluated in this experiment. In a series of dilutions
such as are used by this lab in comparing other antibacterial 'products', esp. colloidal silvers, both
were challenged equally by known pathogens. The clay material used was a pre-prepared mixture
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[received from Jason R. Eaton]. This smectite clay (0.1g) was combined with 1 mL of SS to create
solution A; similarly (0.1g) the clay was combined with 1 mL of nanopure water to create solution
B.
Typical YT media was poured into sterile polystyrene plates and allowed to dry overnight. A
3mm scrape of both wild type Staphylococcus aureus (S1) and MRSA Staph (S2) were placed
separately into 1250 l of nanopure water to achieve an optical density (O.D.590) of 0.135. From
these cultures two standard 10:1 dilution series were performed.
Both dilution series were then inoculated, one with solution A, and the other with solution B,
and exposed to them for a period of 3 minutes on the one hand and 7 minutes on the other. In the
first experiment 10µl of solution A were added to the culture (S1 and S2 dilutions) for 3 minutes;
similarly, this was repeated with solution B. In the second experiment 10µl of each solution was
added to the respective Staph dilutions and exposed to them for 7 minutes.
After the elapsed time, a 10µl spot of cells and solution was placed onto the YT media. A
positive control plate of only S1 and S2 was made, as was a negative to ensure no contamination
(picture not included-no contamination). The plates were placed in a 37 C incubator overnight and
the results can be seen below.
Results:
As can be seen from the relative performance of the two formulations, solution A
outperformed solution B in both trials, at 3 and 7 minutes. Nonetheless, while solution B (clay
alone) showed some antibacterial activity, it was significantly inferior to that of the combined
product (solution B). It should be noted, too, that the antibacterial efficacy of solution A is
somewhat less than we have come to expect from SS alone (as in similar assays) leading one to
hypothesize that some other property is thereby gained in the compromise, surely having to do
with the value added by the clay.
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Results of Inhibition by Sol A (Sovereign Silver and Clay) & Sol B (Clay) @ 3 Mins.
S1 (Wild Staph)

S2 (MRSA Staph)

Positive

Solution A

Solution B

Results of Inhibition by Sol A (Sovereign Silver and Clay) & Sol B (Clay) @ 7 Mins.
S1 (Wild Staph)

S2 (MRSA Staph)

Positive

Solution A

Solution B

Similar laboratory studies were conducted with bentonite by Dr. Howard E. Lind, M.S., BS,
Ph.D. of Lind Laboratories, Brookline, Mass., with a slightly different slant. Dr. Lind was interested
in studying the effects of bentonite used internally as a stomach and large intestine detoxifying
agent. The dilution used was 150 ml of bentonite to 1 ml bacterial solution. The bacterial studies
were conducted on Serratia Marcescene, E Coli, and Staphylococcus Aureus. The time periods
where measurements were taken were every 30 minutes for 90 minutes.
In his studies, Staph responded the slowest, with only an average of a 33% reduction in
bacterial counts through the trial period. The other bacteria studied responded significantly better,
with the minimum reduction percentage being 85%. Dr. Lind continued on to show a 100%
reduction of Proteus Mirabilis.
To further his experiments, Dr. Lind studied a mixture of P. Mirabilis, E. Coli, and S. Aureus,
and demonstrated conclusively bentonite's property of selective sorption. The bentonite virtually
eliminated all bacteria except the Staph.
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Why in various experiments does bentonite respond slowly to Staph? The simple answer is
that staph is a gram positive bacterium, and clay colloids have a negatively charged surface area.
However, it should be clearly noted that a 33% reduction in population counts, if this were to occur
in the body, is still clinically significant.
The great infection fighting properties of natural clays have little to do with the antibacterial
effect of bentonite. This is something that key researchers have neglected to realize.

Most

experimentation has been centered around studying clay applications as an intestinal detoxifying
agent.
In the body, the clay particles, unless they collect on intestinal walls, etc., are very limited in
possible action compared to an undiluted product as used externally. Externally used, the
bentonite as a hydrated magma can actually pull an infection out of the body, as the preparation
creates a subtle but strong electromagnetic field, which, in an effect that is not fully understood,
also stimulates the body's own natural defenses at the treatment site.
Another key element that can throw off studies conducted with clay is the type of product
used. We also submitted a fully processed bentonite (according to our supplier, an FDA grade
internal clay, rendered white through over-processing) to Natural Immunogenics along with the
samples of natural bentonite. The "high grade" clay turned out to be virtually useless for our study
purposes!
The true pioneer of the westernized use of sodium bentonite internally was V. Earl Irons. V.E.
Irons, Inc. has always paid very special attention to the balance between the purity of a product
and loss of effect through processing. In fact, V.E. Irons set the standards for USP grade
bentonite that much of the (wiser) natural supplement community has followed for decades.
All of this said, we were very pleased with the results that compared the clay solution with the
clay and colloidal silver mixture.
Clay and colloidal silver share very little beyond that fact that each can exist as a colloid. A
high quality clay is excellent against some viri, an extremely wide variety of bacteria, and body
inflammations and deficiencies; far more so than colloidal silver.
Colloidal silver always requires direct contact for effectiveness. It attaches to cell walls and
has a direct effect on cells, including cellular respiration.
The two are nearly opposite substances. The bentonite particles are formed by a complex
crystal structure and carry a negative charge, while the silver ions (dissolved) carry a positive
charge. Any colloidal silver aggregates (particulate silver) have a simple structure (chemically) and
the particles maintain a slight zeta potential.
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What we needed to understand is what, if anything, happens with the charged silver particles
and the silver ions upon being combined with clay. A properly hydrated clay is comprised of
negatively charged particles with a self-sustaining electromagnetic field; in fact, there may be
numerous charge layers formed. We had little doubt that the negatively charged particles would
coexist in such a solution with little consequence. But what about the silver ions? Would the
charge of the Ag+ be great enough to effect a chemical reaction? Or would the silver ions be held
via sorption on the wide particle surface area of the bentonite, ready to be exchanged with the
body when conditions provided? How extensive would agglomeration be?
Through our "real world" experiments it was easy to see that the sorptive properties of the clay
were not affected. In fact, although we have no explanation for observations, the silver in the clay
apparently allowed the bentonite to overcome the rejection of some boils and certainly lesions that
we had noticed for years through the use of bentonite alone. The effect on efficacy, with our
limited experience, was pointed and dramatic as compared to either colloidal silver or clay used
alone (after all, the silver must penetrate the skin and actually reach the underlying infection in
order to be effective).
Our experience told us what these new lab results confirmed: The colloidal silver is not
significantly degraded by addition to a quality bentonite. While it is true that Sovereign Silver is
about 10-15% MORE effective against staph on direct contact than when combined with the clay
preparation, the other properties of bentonite, and their possible combined action when used on
the body, more than makes up for this minimal loss of efficacy, especially in circumstances where
the silver is, for whatever reason, not directly reaching the infection.
It will be nearly impossible for us to scientifically prove that clay has the potential to exchange
substances with the body. But this effect is one reason why one should pay careful attention to
substances used in combination with clays.
The reader may be interested to know that follow-up work was done on this same clay by
researchers at Arizona State University. The author, through Thierry Brunet, gave ASU a sample
to study, and the direct anti-microbial property of the clay was confirmed by the microbiologists.
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Hydrated Bentonite Studies: Dr. Howard E. Lind
Sodium Bentonite, V.E. Irons
Three IN VITRO ( in the laboratory ) experiments ( reviewed below ) were conducted by Dr.
Howard E. Lind, M.S., BS, Ph.D. Dr. Lind is president of Lind Laboratories, Brookline, Mass. He
was born in Providence, R.I., 1913; received his Bachelor of Science from the University of RI,
1934 and was assistant in Bacteriology there 1934 - 1935; Master of Public Health, Mass. Institute
of Technology 1937; attended Saint Louis University 1939 - 1940; Senior Bacteriologist at
Chicago Branch Laboratory, State Health Dept., Illinois 1940 - 1943; Bacteriologist at Dow
Chemical Co., 1945 - 1946; Research Director at Sias Memorial Laboratory of Brooks Hospital,
Brookline, Mass., 1946 to date.

EXPERIMENT I
(Reported Feb. 7, 1961)
PURPOSE:

To demonstrate in vitro sorptive (to condense and hold upon its surface) powers of an
aqueous solution of bentonite.

PROCEDURE:

One hundred fifty milliliters of the Bentonite preparation were placed in a 250 ml. beaker which
contained a plastic coated magnetic agitator. One ml. of a 24 hour broth culture of serratia
marcescene was added to the bentonite preparation and the beaker placed on a magnetic
agitator. One ml. of a 24 hour broth culture of serratia marcescene was added to the bentonite
preparation and the beaker placed on a magnetic stirrer. In order to avoid the heat of the magnetic
stirrer the beaker was placed approximately 1/4 inch above the base. After five minutes of stirring,
1 ml. of bentonite suspension was removed for culturing.
A brass-coated mesh cylinder containing alkaline pellets was lowered into the bentonitebacteria mixture and allowed to remain for thirty minutes. The cylinder with its surrounding jell was
removed, washed with water, filled with new pellets and again placed in the bentonite-bacteria
solution. This was repeated at 30 minute intervals for 90 minutes. This experiment was repeated
several times to show that the phenomenon was genuine and reproducible.
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RESULTS
The two trials below indicate the quantitative extremes of bacteria population change.

CHANGES IN BACTERIAL COUNTS OF SERRATIA MARCESCENS IN PRESENCE OF
BENTONITE
Trial 1
Bacterial count/ml.

Trial 2
Reduction %*

Bacterial count/ml.

Reduction %

Initial

4,095,000

30 minutes

3,675,000

10.257 %

4,260,000

26.042 %

60 minutes

2,495,000

32.109 %

2,660,000

37.559 %

90 minutes

620,000

75.150 %

27,500

98.967 %

( % reduction )

( 85 % )

5,760,000

( 99 + % )

These two trials representing the extremes of a series of runs show a minimum reduction of
85% and a maximum reduction of 99% of the bacteria in 90 minutes. Results indicate that
approximately 25% of the bentonite preparation was able to remove 85% to 99% of the
organisms.

SUMMARY:
The research results indicated that by the in vitro method it has been possible to demonstrate
that the bentonite preparation Vit-Ra-Tox #16 (et al.) is able to remove bacteria by sorption. It was
definitely established
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that the bacteria were not inactivated but were removed by sorption.

EXPERIMENT II
( Reported March 10, 1961 )

PROBLEM:

To demonstrate in vivo sorption powers of a bentonite preparation against two organisms,
Escherichia coli (a gram-negative organism ) and Staphylococcus Aureus (a gram-positive
organism).

PROCEDURE:

Essentially the same as in Experiment I, reported above, but modified by using a four-hour
culture instead of the 24-hour culture of Experiment I. This was to avoid excessive clumping of the
organisms.

RESULTS
CHANGES IN BACTERIA COUNTS OF ESCHERICHIA COLI IN THE PRESENCE OF
BENTONITE

Initial
30 minutes
60 minutes
90 minutes
% reduction

Trial 1
Bacterial count/ml.
1,170,000
410,000
0
0
( 100 % )

Reduction %*
64.940%
100.00%
-

Trial 2
Bacterial count/ml. Reduction %*
10,500,000
6,100,000
41.905%
5,200,000
14.755%
900,000
82.693%
( 91 % )

The above two trials show that the E. coli were reduced 100% and 91% respectively after 60
to 90 minutes using only about 20% of the bentonite preparation. This compares favorably with
the removal of the serratia marcescents in Experiment I above.
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CHANGES IN BACTERIAL COUNTS OF STApHYLOCOCCUS AUREUS IN THE PRESENCE
OF BENTONITE
Trial 1
Bacterial
count/ml.

Reduction
%*

Trial 2
Bacterial
count/ml.

Reduction %*

Trial 3
Bacterial
count/ml.
Reduction %*

Initial

780,000

30 minutes

740,000

5.129%

160,000

30.435%

290,000
40.816%

60 minutes

810,000

-8.642%

100,000

37.500%

290,000 -0-

90 minutes

620,000

23.547%

140,000

-28.572%

300,000 3.333%

( % reduction)

( 21% )

230,000

( 39% )

490,000

( 40% )

With S. Aureus ( a gram-positive organism ), in Trials 1, 2, 3, it was shown that the numbers of
S. Aureus were reduced 21%, 39%, and 40% respectively, or an average of 33%. Results of these
trials indicate that 20-30% of the bentonite was able to remove 33% of the organisms.

SUMMARY:

The research indicated that by the technique employed, it has been possible to confirm the
previous conclusion that the bentonite preparation can remove significant numbers of certain
gram-negative bacteria, while it appears to be only one-third as effective as to a gram-positive
organism, S. Aureus.
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EXPERIMENT III
( Reported May 8, 1961 )

PURPOSE:

To demonstrate in vitro sorptive powers of a bentonite preparation against A. Proteus
mirabilis, a gram-negative organism which can cause diarrhea, and B. its selective sorptive value
in a mixture of 3 organisms, namely Proteus mirabilis ( gram-negative ), Escherichia coli ( gramnegative ) and Staphylococcus aureus (gram-positive).

PROCEDURE:

Essentially the same as that used in Experiment I and II above, using the 4-hour culture used
in Experiment II instead of the 24-hour one of Experiment I, and lowering the concentration of
each organism.
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RESULTS
A. CHANGES IN BACTERIAL COUNTS OF PROTEUS MIRABILIS IN THE PRESENCE OF
BENTONITE
Trial 1

Trial 2

Bacterial count/ml.

Reduction %*

Bacterial
count/ml.

Reduction %*

Initial

155,000

30 minutes

45,000

70.968%

70,000

70.834%

60 minutes

15,000

66.667%

20,000

71.429%

90 minutes

1,000

93.333%

-0-

-

120 minutes

-0-

-

-0-

-

% reduction

( 100% )

240,000

( 100% )

In trials #1 and #2, it was shown that the numbers of Proteus mirabilis were reduced 100%
after 90 to 120 minutes in the concentration of organisms employed by 15% of the volume of
bentonite.

B. CHANGES IN BACTERIAL COUNTS OF A MIXTURE OF P. MIRABILIS, E. COLI, AND S.
AUREUS
Trial 3
Bacterial
count/ml.

Trial 4
Reduction %
*

Bacterial
count/ml.

Reduction %*

Proteus mirabilis
Initial

34,000

90,000

30 minutes

18,000

47.059%

20,000

77.778%

60 minutes

2,000

88.889%

10,000

50.000%

90 minutes

1,000

50.000%

0

-

Escherichia coli
Initial

18,000

10,000

30 minutes

14,000

22.223%

10,000

-0-

60 minutes

8,000

42.857%

1,000

90.000%

90 minutes

3,000

62.500%

0

-
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Staphylococcus
aureus
Initial

2,000

3,000

30 minutes

2,000

-0-

2,000

33.334%

60 minutes

3,000

-33.334%

3,000

-33.334%

90 minutes

0

-

0

-

In trials #3 and #4 it was indicated that approximately 15% of the bentonite preparation
removed from 95-100% of Proteus mirabilis organism, 83-100% of the E. coli organisms and
100% of the S. aureus organism in the concentrations employed. In other words there appeared to
be selective sorption when the quantity of organism concentration was much less than the high
concentration used in previous tests.

COMMENTS
With lower concentrations of mixed organisms there appears to be selective sorption.
However, when the population of mixed organisms is over 100,000 and the concentration of
bentonite remains the same as when individual organisms were used, there was apparently little
or no selective sorption by the technique employed. Thus it may be that selectivity of mixed
organisms above 100,000 will require the use of a much larger quantity of bentonite than that
used for sorption of single organisms or for sorption of mixed organisms under 100,000
population.
While the bentonite is working to remove the undesirable bacteria it could also remove an
equal number of desirable bacteria, but when one realizes the large difference in the relative
population of the bacteria this may not present a problem. In a normal healthy individual the
population of desirable bacteria can run from 100,000 to 100,000,000 per cubic centimeter while
the undesirable will generally run only 1/10 of one percent to 1% (.001 to .01) of that number.
However, when the population of undesirable bacteria gets up to 2% or 3%, the individual may be
in real trouble and may perhaps have cramps or serious diarrhea. To illustrate, assume a
desirable population of 50,000 organisms with 1% undesirable or 500,000, assuming that the
undesirable population increases to 2% or 1,000,000 and by increasing the quantity of bentonite
suppose we removed 500,000 of each within 2 hours, we then would get:
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Desirable 50,000,000 - but, Undesirable 1,000,000
Removed 500,000 - removed 500,000
Balance 49,500,000 - we now have 500,000
…or a reduction of only 1% which should be rapidly replaced with or a reduction of 50% in this
category, bringing the population back to a more normal state, where it should stay if conditions of
normal good health prevail.
Note: In this summary Dr. Lind stated, "It also appears that if one wishes to accurately
determine that a specific organism will be removed or sorpted from the gut by bentonite, one must
set up "in vivo" experiments in animals. This would involve oral administration of the specific
organism in question and following its path through the gut in the presence of a bentonite
preparation." The clinical work done by Dr. Damrau's group seems to have already demonstrated
this "in vivo" (in the body) within the scope of the matters under investigation. His research results
in the treatment of diarrhea in humans indicated as 97% satisfactory treatment rate, and had the
dosage been raised as per Dr. Lind's procedures, the results might have been even more
impressive.
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Pascalite Article
Pascalite, Inc.
P.O. Box 104 329 Lawson
Worland WY 82401
ph 307 347 3872
fax 307 347 2346
From "Nature's own laboratory in Wyoming's Big Horn Mountains" comes a wonderful healing
clay called Pascalite. Tests and experiments have revealed many almost unbelievable cures.
The valley near the top of the Big Horn Mountains, South Paint Rock Valley, was for a vast
period of time a favorite camping ground and arrow-chipping ground for various Indian tribes - the
Crows, Arapahoes, Shoshones, Blackfeet and Sioux. They knew about and used Pascalite, which
they called "Ee-Wah-Kee" ("The-Mud-That-Heals").
Some tribes even offered it for bartering purposes at the various rendezvous, such as the
Green River Rendezvous, where trappers, traders and Indians all congregated once a year to
trade furs.
Pascalite was unknown to the white man until Emile Pascal, a trapper, found it by accident
about 1930. He accidentally got his badly chapped hands coated with Pascalite. His hands
improved, and with continued use of the clay, healed. Pascal filed mining claims on it, and his
friends began using it as his urging.
Ray is president of Pascalite, Inc. now and has many interesting stories to tell. He recalls a
story he found in an old newspaper: "Chief Washakie of the Shoshone tribe, on his last buffalo
hunt, about 1888, had a white newspaperman with him. After the party had hunted over the Owl
Creek Mountains in Wyoming, traveling north from the Wind River Reservation to the Greybull
River at the foot of the Big Horn Mountains, the newsman got very sick. Chief Washaie ordered
his medicine man to cure him. The medicine man muttered some incantations over him, rubbed
his abdomen and chest with some herb, then gave him some of the white powder from the
mountains in water to drink. After ingesting this decoction (Pascalite), the man felt soothed and
shortly fell into a sleep which lasted several hours. When he awoke, he was completely well".
Ray also recalls:
"Back in the 'golden days' of our mining venture - in the 1930's - we had the entire mountain (that
section of it containing Pascalite) to ourselves. It was our kingdom in which we were for the most part
the only subjects. Few people ever came down into that deep valley - it was off the beaten trail; the
road was rocky, rough, and on occasion impassable... And this was as close to Shangri La as
civilized man could come in the 20th century.
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"Nature was indulgent toward us; we had the icy pure water from the spring-fed little lake (which we
had stocked with cutthroat trout), and we had abundant fuel in the dead pine, quaking aspen, and red
spruce within a few yards of us. We had wild raspberries and gooseberries. We had 'uncontaminated'
sun... And we had the Pascalite.

"We has a 50-gallon iron barrel fastened to one of the buildings for an outdoor shower. We would fill it
by hose and let the sun warm it; it was always available along with the Pascalite to make a thick
paste to be smeared over our scratched or bruised limbs, then rinsed off with the needle-sharp finger
of water, still cold enough to bring forth a gasp, and a resulting feeling of well-being that bordered on
euphoria!"

Ray explains how he came into the picture when, as an unemployed coal miner in the 1930's
he sought for and found a job as the mine foreman for Labbe Products, which was the company
formed to market the product - then called "Life Mud". The company had acquired a processing
plant in Worland and a factory in Casper. It manufactured toothpaste, hair pomade, rectal
suppositories, ointment, poultice and soap.
The company ( faced with accumulated debts and public indifference ) failed, Ray bought a
half interest in the mine claims from Emile Pascal for a nominal sum plus his agreement to do the
assessment and other mining work, file labor proofs, etc.
"During the fifties I tried vainly to get large drug and cosmetic companies interested in the material we
renamed Pascalite (after Pascal). We finally leased it to a mining man, but after one year he was
unable to meet the advance royalty payment and we canceled his lease.

"Meanwhile, people who became interested used the product and reported their results. We were
gradually building up a file on its uses with sometimes dramatic results being reported."

An outstanding case history is that of Carl Largent, a teenage boy in Ten Sleep, Wyoming at
the foot of the Big Horns, who had scratched his leg accidentally. It became infected and
gangrenous. His doctor want to amputate it, saying this was the only way to save his life, but
Carl's father would not permit it; instead he packed it with a thick Pascalite paste and the leg
promptly healed and was as good as ever in three weeks.
Finally in 1970 Ray was able to get an article published in a national publication called
"Beyond," and he began to get requests from all over for the product. It was sent out to them with
no claims made and the signed understanding that it was being obtained and used at their own
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risk and for research purposes only. Other magazines picked up his story, and the demand
continued.
"We do not make any claims for Pascalite," explains Ray, "nor do we prescribe it or offer it as
an agent for any treatment. But results of experimental usage of Pascalite, as done by the U.S.
Testing Company of Hoboken, New Jersey, private testing companies, medical doctors, and users
who, acknowledging that no claims were made for it, willingly used it at their own risks, cannot be
ignored. I have documentary support of all cases in my files."
Ray shares the results of some of those cases and test with us:
Germicidal test show Pascalite to be sterile; and further, that it possesses the physical ability
to occlude and precipitate cultural media. A solution of 2 ounces of powdered Pascalite in one
gallon of water used to wash two walls of a hospital room showed a sterile culture 4 days after
washing. The other walls, washed by the conventional method, showed daily contamination.
A patient taking 2 no. 00 capsules of powder by mouth four times a day removed all
symptoms of an active ulcer and hyperacidity in 7 days.
A wet pack applied to corns and calluses on and between the toes was left on 3 days, then
changed and left on 3 more days. All symptoms were relieved, and the corns had disappeared.
Eczema, treated by 'everything' for 10 years, responded within 2 days to treatment by
Pascalite, an in 1 week the hands were normal.
Used as a water-and-Pascalite pack on the face and arms of an explosion-burn victim, it
relieved the pain almost immediately and these areas did not blister. The hands, given
conventional treatment, did blister.
Used in powder form, it has cleared diaper rash overnight.
Three individuals stated under oath that topical use of Pascalite paste had removed all
symptoms of hemorrhoid in 2 to 4 nightly applications. Many other have reported similar results in
its use for piles, rectal fissures and related conditions.
Kit Nelson of Scottsdale, Arizona explains how Pascalite cured her 22-year old daughter of a
serious case of chicken pox: "she was very ill and covered from head to toe with pox which nearly
drove her crazy because of the itching and irritation. In desperation she mixed Pascalite with
water to a thin consistency and applied it to her body. In a matter of hours ( ! ) the healing set in
and she had complete rest and relief. Her recovery was fast and her skin remained lovely - the
pox left no scars, which was a miracle."
Nell Coates of Amboy, Washington, explained in her letter of [ sic. ] how Pascalite cured her
psoriasis: Her doctors said there was "no know cure for it and gave me a list of things to
purchase." After getting home and thinking about it, she decided it was too expensive for
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something that wouldn't work anyway. Instead she ordered a pound of Pascalite, mixed it with
water to make a thick paste and applied this to the spots. When it dried, she washed it off with
warm water, applied peroxide with a cotton ball, rinsed this off and held a 250 watt light close
enough that the heat dried it. At night she applied the past and wrapped her legs in plastic and let
it dry more gradually. She began this treatment in May of 1970 and continued through to August by then she didn't have even a scar left."
A case of anemia due to anorexia nervosa was reported by a doctor in New York: "As this is
an emotional disorder, it is difficult to establish any biochemical effect with regard to Pascalite.
Nevertheless, after 2 weeks of 3 No. 00 caps per day, the blood serum of this patient had returned
to normal."
A woman suffering from cataracts and threatened loss of sight was advised by a psychic to
use water filtered through Pascalite as eye drops, combining this treatment with Pascalite paste
on the eyelids. The psychic did not know of Pascalite by name, referring to it as a "white clay in
the Big Horn Mountains in Wyoming, ' and it was some time before the patient was able to get an
address and secure the white clay, Pascalite. She reports the treatment was effective, the
cataracts dissolving. Two other persons have also reported similar results.
A woman who was taking 3 No. 00 capsules of Pascalite daily, reported that a place on her
scalp damaged several years previously by a hair preparation was now growing new hair by using
Pascalite applied directly to the scalp.
A sufferer from an advanced stage of pyorrhea was told by her dentist that she should have all
her teeth extracted. She began to use cotton pads soaked in a Pascalite-and-water solution,
applying them between gums and cheeks at night. Her dentist later found the pyorrhea gone; and
now, 10 years later, her teeth and gums are in better condition than originally.
A Cleveland, Ohio doctor who has repeatedly ordered Pascalite, states that he has found it
aids in eliminating arthritis, that it reduces cholesterol, dissolves gallbladder and kidney stones,
and neutralized metabolic waste.
A man suffering from a case of penile Herpes Simplex first used the expensive cream
prescribed by his doctor, but to no avail; the infection spread. He turned to a mixture of Pascalite
and honey and within 3 days the swelling had disappeared and within an additional week "blister,
cratering, necrosis, and suppuration had healed over with fresh pink flesh." When it appeared
again the following year, he "nipped it in the bud by using mere tap water added to the Pascalite
and within 7 days it was all healed, and the original blisters never spread as before, and the
amount of pain was this time almost negligible. The skin is healthy, pink and unscarred."
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Some animal testing and usage was done by some vets with gratifying results. Several
cattlemen in the Worland area have been using Pascalite for the treatment of scours in their
herds. Two large tablespoonful placed well down into the back of their pried-open mouths,
repeated a second day, was the average treatment used to bring about complete relief from all
symptoms. They reported a 100% success during the 2 years they have been using this
treatment. One of these cattlemen states he used the same treatment for pneumonia in one of his
cows with complete success.
"The list of often-dramatic benefits from the use of Pascalite is so long and varied that it might
well cause skepticism in the minds of the uninitiated. The surface has been barely scratched
herein; and documentary support of all statements exists in our files."
In addition to its other abilities, Pascalite has been shown to be an anesthetic. Many users
have reported almost immediate cessation of pain following its application in paste form to the
areas.
"In our mining operations we have discovered that dead animals, buried in the tailings of the
mine which contained a minor amount of Pascalite, did not decompose, but eventually became
mummified.

HOW DOES PASCALITE DO IT?
To help explain some of the abilities possessed by Pascalite, Ray quotes the report by Dr.
Walter Bennett, Ph.D., Epistemologist and Research Scientist, who spent several months during
1975 in a very sophisticated examination of Pascalite. He reports:
"The presence of protein in this material gives evidence of yet undisclosed amino acids. The
fact that amounts are small, and that even the requirements are for minute quantities, in no way
diminishes their great importance. Suffice it to say, we may be flirting with the outskirts of some
carinolytic exposure."
"Microbiological analysis reveals the interesting fact that the raw material is completely sterile
as pertains to any bacteria. However, it contains the spores of at least 6 different types of fungi."
"When used as a media of raw material it inhibits the growth of representative pathogens such
as staphylococcus, streptococcus, salmonella, escherichia coli, and pseudomonas aeruginosa."
"Only 2 of the fungi of the several found in the sample have been identified at this time;
namely Actinomyces and Penicillium. Each of these fungi is responsible for production of its own
class of antibiotics."
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Ray explains he offers Pascalite as a mineral and protein supplement which under a federal
law of April 13, 1976, removes such supplements from the drug classification.
However, since the Pascalite mine exists of [ sic. ] Forest Service land, the government
decided it had the right to dispute all the claims made about Pascalite on the grounds that there
were no valuable minerals in that stratum.
When the case finally came to court, the government presented their one witness, a geologist,
to state his opinion that there were no minerals in Pascalite. In response, Pascalite presented a
number of witnesses, including a medical doctor who came from Oklahoma to testify to the great
value as a healing agent for "fiddleback spider" bites - no cure for which had ever had ever been
developed previously. This same doctor also testified that Pascalite was the best know to her for
burns, and was 'very, very good' for the treatment of varicose ulcers, acne, and other related
conditions. Other witnesses from outside the Worland area were glad to come and testify,
including 2 veterinarians and one dentist.
Last summer, the government finally agreed to dismiss the case provided all the buildings
were removed - one small dwelling house and 2 storage buildings. Ray explains "we felt this was
probably the easiest solution, rather than dragging the matter out for an indeterminate time. The
Forest Service is permitting us to proceed to develop and market; however, we cannot at this time
do any strip mining, but must go underground."
Dr. Bennett summarizes regarding Pascalite:
"Considering the mineral composition and the soluble forms available, this natural mineral is certified
as a valuable food supplement and has extraordinary qualities as related to nutrition and health.

"All analyses and testing confirms that there is no contradiction to human health when this material is
consumed in moderation."

(Dr. Walter Bennett has more than thirty years experience in scientific research, consulting
and teaching as a graduate professor. He holds four academic degrees in science with testimonial
qualifications as a Doctor of Philosophy.)
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ABSTRACT
Studies of the pathophysiology involved in the human gastrointestinal tract show that two
types of diarrhea exist: osmotic and secretory. Osmotic diarrhea is caused by the presence of
poorly absorbed luminol osmols in the lumen of the gut. Secretory diarrhea is usually caused by
bacterial toxins or viral agents, which promote the secretion of an excess of water and
electrolytes. These infections become dangerous due to dehydration, which can often lead to
death if left untreated. Clays, such as bentonite, may reverse the dehydration caused by secretory
diarrhea by replenishing lost electrolytes and adsorbing bacterial toxins; thereby promoting water
reabsorption.
Enzyme-linked immunosorbent assays (ELISA) were conducted to measure the efficacy of
hydrated sodium bentonite in binding aflatoxin B 1 (AFB1) and cholera toxin (CT) from solution.
Using 5 ml of a 44 g/ml aqueous solution of AFB 1, and 1-2 g of sodium bentonite, adsorption
abilities ranged from 99.9990% to 99.9995%. Values of 20,000 ppb were brought within
concentrations safe for human consumption (<20ppb) (14, 23). Using a 0.1 ml diluted aqueous
solution of CT and 1-2 g of sodium bentonite, adsorption values were similar to those of bentonite
with AFB1. These results implicate a possible use of hydrated sodium bentonite in the preventative
management of bacterial enterotoxin induced secretory diarrhea; however, its efficacy in
protecting against these should be verified further by in vivo testing.
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INTRODUCTION
Severe dehydration due to acute diarrhea causes more than 5 million deaths per year
worldwide (12, 34). Children and the elderly are the most susceptible to this dehydration because
of underdeveloped, or decreased immune function. The World Health Organization (WHO) defines
acute diarrhea as three or more liquid stools within 24 hours and chronic, or persistent, diarrhea
as acute diarrhea that lasts at least fourteen days (12). "The WHO estimates that 3-20% of acute
diarrheal episodes in children under 5 years of age in developing countries become persistent
(12). This statistic is alarming, considering every child under five years of age in these developing
countries, on average, has 2-3 episodes of diarrhea per year (2, 12). Chronic diarrhea can lead to
other serious problems besides mortality, such as malnutrition, dehydration, and morbidity. In
Columbia, a scientific paper reported that chronic diarrhea can cause a negative effect on a child's
growth in the first three years of life. This study estimated that a child's growth is stunted between
2.5 and 10 cm. resulting from a loss of nutrients essential to promote growth hormones (12).
The Dystrophic Center in Romania starkly portrays the problems that diarrhea can cause in
children. This orphanage contains about one hundred children ranging from a few months to three
years of age. Due to cramped quarters. and the lack of sanitation, all of these children suffer from
chronic diarrhea. The causes of diarrhea vary from malabsorbtion to intestinal infection. Because
of these diarrheal problems, three year old children in the orphanage only have the body size and
development of an average healthy Romanian one year old. (Figures 1 and 2 provide a graphical
representation of the serious health detriments of chronic diarrhea.)
Apart from the problems suffered by the children and elderly in developing countries, 20-50%
of adult travelers that visit these developing countries often suffer from this same diarrhea,
commonly known as "travelers' diarrhea" or "Montezuma's revenge.- (7). The effects of this
ailment include discomfort, lost travel time. and impaired health. Because of the seriousness of
chronic diarrhea, a search for more efficient antidiarrheals has increased greatly over the past
twenty years. Currently, the only generally accepted treatment for acute diarrhea is not an
antidiarrheal but an oral rehydration solution. The purpose behind the rehydration solution is to
replenish the fluids and electrolytes lost during an episode of secretory diarrhea. Oral rehydration
solutions do not decrease the duration or severity of diarrhea, but only prevent the severe
dehydration that can lead to death.
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This standpoint was taken because all but the adsorbents demonstrated dangerous side-effects
and would be expensive to incorporate. Adsorbents were most likely disapproved because of the
lack of consistent scientific evidence in vivo to support them.
Adsorbents such as kaolin and smectite have been tested in double-blind placebo studies as
treatments for diarrhea. The results. however, have been deemed inconclusive by the WHO. The
WHO currently does not support sorbents as an effective treatment for diarrhea on these grounds.
We suggest that inconclusive data in the double-blind studies may be due to a lack of
consideration made as to the source of diarrhea among the subjects in the studies. We
hypothesize that sorbents such as bentonite would be more effective in treating a toxin-induced
secretory diarrhea and not so effective with a case of osmotic diarrhea caused by malabsorption.
Most studies that test sorbents as a treatment for diarrhea have targeted decreasing the motility of
the lumen. We propose that the emphasis should be on the sorbents' ability to bind and remove
toxins produced by enterotoxigenic bacteria. In a case of malabsorption. sorbents would only
increase the osmotic load of the lumen and may result in a greater loss of fluids.
According to scientists Berschneider and Powell,”the need for a safe, effective antidiarrhoeal
agent is clear”, and the search for such an agent continues. It should have the following
characteristics: 'a high degree of activity, oral effectiveness, target its action on the intestine
without systemic absorption or systemic effect, have no effect on a normally functioning gut and
have a mechanism which is well understood (12). Our study was to determine through in vitro
tests whether the adsorbent Redmond Clay fits this description.
Redmond Clay (activated sodium bentonite) has been shown to be one of the best swelling
clays (adsorbents) (38). Swelling clays contain a large array of electrolytes that can function as
cation and anion exchangers. We propose that this quality allows bentonite to bind harmful toxins
and prevent them from causing damage. A wide variety of toxins exist in nature and cause
illnesses ranging from severe diarrhea to cancer. We chose to test Redmond Clay against
Aflatoxin B1 (AFB1) and cholera toxin, which are two of the most dangerous toxins in nature.
Aflatoxins are toxic, carcinogenic, mutagenic, and teratogenic in animals including humans (8, 15).
We chose to test the clay with aflatoxin first because of the availability of a simple ELISA to test
for the presence of AFB1 in solution. (Additional information on aflatoxin may be of interest and is
provided

in

Appendix

38
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Cholera toxin is produced by the bacterial strain Vibrio
cholerae. Cholera toxin, as well as many other enterotoxins,
causes severe secretory diarrhea. Vibrio cholerae binds to the
mucosal lining of the small intestine. Once bound, the toxin is
synthesized and released into the lumen of the gut. The toxin
is made up of two subunits. The B subunit's main function is to
bind to the GM, receptor on an epithelial cell of the intestinal
lining (12, 34). The A subunit enters the epithelial cell and
activates the adenylate cyclase on the basolateral membrane.
The

adenylate

cyclase

in

turn

creates

cAMP,

which

completely blocked by the B subunit. (Fig. 3) (Background
information on the physiology of the gastrointestinal tract and
the pathophysiology of diarrhea can be found in Appendix B.)
We hypothesize that activated bentonite in the lumen of the
small

intestine,

can

prevent

cholera

toxin

and

other

enterotoxins from binding to their receptors. The inability to bind to their receptor would neutralize
the damaging effects of the toxins. We propose that if our study shows Redmond Clay can
remove a significant amount of cholera toxin from solution in vitro, it may function as an effective
antidiarrheal treatment in vivo.
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Affinity of Redmond Clay
MATERIALS AND METHODS

Materials
The sodium bentonite, Redmond Clay, was provided by Redmond Minerals Inc. (Redmond,
UT). Aflatoxin B, purity >99%, Cholera toxin, Anti-rabbit IgG peroxidase conjugate antibody, and
Anti-cholera toxin antibody were all purchased from Sigma Chemicals (St. Louis, MO). An AFB,
specific ELISA kit, Veratox Quantitative Aflatoxin Single Test (AST), was obtained from NEOGEN
Corporation (Lansing, MI).

Sorption of APB
A 70% methanol stock solution containing 1 mg unlabeled AFB, was prepared to give a
working solution of 4ug AFB,/ml(20,000ppb). For each ELISA, 5 ml of stock solution was aliquoted
into four 15ml tubes. Two of these tubes were labeled and set apart as controls for the ELISA. The
other two were labeled "w/bentonite." Total incubation time for the samples was 1 hour at 25°C.
All tubes were vortexed at the beginning of incubation and at 15 min. intervals throughout the
incubation period. The sorption was terminated after 1 hr. by centrifugation for 10min. at l,500
rpm. 10041 of the supernatants were decanted and added to the proper microwells of the ELISA.
The Veratox AST was conducted according to NEOGEN
guidelines. The test is a competitive ELISA between AFB, and a Std. ppb
0
conjugate to the anti-aflatoxin B, antibody. One control consisted of
5
an internal standard of 20ppb of AFB, solution provided by NEOGEN.
10
20
A negative control was also used. The test is quantitative for
50
100
concentrations of 5-350ppb of AFB,. The optical densities are
300
500
measured with a 650nm filter in a microwell plate reader. The results

Calc. O.D.
2.102
l.833
l.554
1.150
0.693
0.427
0.200
0.170

are then compared to a set calibration curve determined by Table 1: Calibration Curve
for Veratox
NEOGEN. (Table 1) The ELISA was repeated twice using 2 mg of
bentonite. A third ELISA was run using 1 mg of bentonite.

Sorption of Cholera Toxin
A 50% PBS diluted stock solution was prepared with cholera toxin. 12 ml of a .1 ml dilution
was added to two 15 ml test tubes. Two negative controls were also run with 12 ml of PBS. 1 g of
sodium bentonite was added to one of test solution and to one of the controls. The other test
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solution and control were left untreated. The tubes were left to incubate at 22-25°C for 1 hr. and
were vortexed at the beginning of the incubation period and at 15 min. intervals. The samples
were then centrifuged at 1,500 rpm for 10 min. 100 ul of supernatant from each tube was
aliquoted into their respective wells. The microwell was left to incubate for 24 hrs.
After 24 hrs., the wells were emptied and washed twice with 300 ul of a PBS solution with
0.5% tween20. The wells were then flushed a third time with PBS alone. 300 ul of block solution
(PBS with 3% FBS) was then aliquoted to each of the wells and left to incubate for another 24hrs.
Afterwards, the same washing procedures as above were performed.
A 100 ul of 1:10,000 PBS diluted solution of anti-cholera toxin antibody was added to each
well and incubated for 2 hrs. The same washing procedures were followed and 1000 of a
1:7,000 PBS diluted solution of anti-rabbit IgG labeled with horseradish peroxidase was added to
each well. The microwell plate was left to incubate for 2hrs. and then washed. 100 ul of
3,3",5,5"- Tetramethylbenzidine (TMB) was then added to each well and left to react for 30min.
The optical density (OD) was then measured with a 450 nm filter. Results were compared with
controls.
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RESULTS
The AFB, ELISA results showed that the bentonite removed approximately 20,000 ppb of
aflatoxin, bringing the levels within ranges set as safe for human consumption (20 ppb: All food
except milk). The optical densities showed that the 4 ug AFB, solution had levels well beyond the
ranges measured by the ELISA. The samples with bentonite had levels of aflatoxin lower than the
2O ppb control. (Fig. 4) The graph shows that the sample of aflatoxin treated with bentonite had
approximately the same O.D. as the control sample with only 2O ppb. of AFB. The O.D. value for
the sample not treated with bentonite was very low.

This means that
there was a very
large
concentration of
AFB, in proportion
to the antibody
Control w/Bentonite
conjugate.
w/o Bentonite
Therefore the two
samples began
with the same
concentration of
Samples
Figure 4: O.D. Values of
AFB, but the
Veratox ELISA
sample treated
with bentonite had
almost all of the
The cholera toxin ELISA worked a bit differently than the Veratox AST ELISA. Instead of being
AFB removed. In
fact,
bentonite
a competitive ELISA, it simply measured for the presence
of the
cholera
toxin. The larger the
brought the level
concentration of cholera toxin present resulted in a larger O.D. This is the reverse of what
of AFB down to
below
the that the O.D. of the
occurred with the Veratox AST ELISA. The cholera toxin results
showed
standard set as
negative controls and the cholera toxin sample with bentonite were of about equal value. They
safe for human
both had a reasonably low O.D. Even though the control did notconsumption.
have any cholera toxin present it
Veratox Results

had a very small O.D. which is common to occur. It is customary to set the O.D. of the control as
the negative point (no cholera toxin). Therefore the sample treated with bentonite tested negative
for the presence of cholera toxin. The bentonite effectively bound the toxin and removed it from
solution during centrifugation. The positive control of cholera toxin not treated with bentonite had a
significantly higher O.D. which means -that it tested positive for the presence of cholera toxin.
(Fig. 5) We did not determine a concentration value of how much cholera toxin was removed from
the sample treated with bentonite, but we can assume that almost all of the toxin was removed
from solution. These results are exciting, because we know that the toxins in both tests were
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bound and not just inactivated by the bentonite. We know this because we used polyclonal
antibodies in both of the ELISA's. Polyclonal antibodies recognize several epitopes on the toxin.
Therefore if the toxin was mutated at one epitope by a mutation, it's other epitopes would still be
recognized by the antibody and counted as present in solution. Our results, however, showed that
the toxins were completely removed from solution. It is therefore an effective binder of AFB, and
cholera toxin in vitro, and may be an effective anti-toxin with all toxins.
DISCUSSION
Redmond Minerals Inc. approached our lab on the premise that they had a clay (Redmond
Clay) that they and many personal testimonies claimed to cure diarrhea. Our lab agreed to look at
the clay's attributes and test it for a possible mechanism by which it might cure diarrhea. We first
tested the Redmond Clay for any antimicrobial qualities. We ran tests with several bacterial
strains, but the clay showed no inhibition on their growth. Our second approach on the matter was
to test the clay for any immune enhancement attributes. We tested the clay with macrophage
response and immune function. None of our tests. however, were statistically significant to
conclude that it enhance immune response.
After thorough research in the literature on the topic, we hypothesized that the clay may not
be affecting the bacteria directly; but rather, it may be affecting the toxins that the enterotoxigenic
bacterial strains produce. Many studies have shown that sorbents such as Redmond Clay have
the ability to adsorb dangerous toxins such as carcinogenic aflatoxin (29, 30, 31), killer yeast
toxins in wines (26), T-2 toxin (6). staphylococcal enterotoxin A (20). and E-coli enterotoxins (5, 6,
19). Successful in vivo studies have been conducted with cholestyramine (4, 28) and even one
with smectite, conducted on egyptian children (18. 27). This last study found that 48 hrs. after
treatment, "19 patients (42%) of the group receiving smectite were free of diarrhea, while this was
true of only 6 patients (13%) receiving placebo."(27).
In our study we first tested Redmond Clay-with AFB, to see if this theory is plausible. Our
results show that Redmond Clay did effectively bind AFB, and removed it from solution. These
positive results encouraged us to devise an ELISA for cholera toxin. We could use this ELISA to
test Redmond Clay against an actual enterotoxin. After determining the proper concentrations of
antibodies for the ELISA, the results gave proof that Redmond Clay does in fact bind cholera toxin
in solution and may do likewise with other enterotoxins.

In addition the positive results of our study, we also analyzed the biochemical make-up of
sodium bentonite and found an interesting possibility. A biochemical assay of sodium bentonite
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shows that it contains the proper electrolytes at the same concentrations of the average oral
rehydration solution. (Table 2)

Bentonite lacks only a glucose-glutamine additive that would make it function properly as a
rehydration treatment for children suffering from acute diarrhea. (The biochemical assay of sodium
bentonite and background on oral rehydration therapy can be consulted in Appendix C.)
Implementing bentonite as an oral rehydration solution would be somewhat unnecessary unless it
offered some other aspect in the fight against secretory diarrhea. Sodium bentonite's ability to
sequester toxins in solution may be that other aspect. If sodium bentonite can perform this
function within the lumen of the small intestine, it is possible that it may perform the roles of an
oral rehydration solution and an antidiarrheal.

CONCLUSION
Before a new antidiarrheal can be permitted into the health institutions of the world it should
be endorsed by the World Health Organization. History shows that the WHO will not accept any
new treatment for secretory diarrhea unless it is cost effective and safe. Redmond Clay does not
have to be engineered but is rather a natural resource. It could be modified for glucose content
and taste for a minimal amount. As for its safety, the FDA has labeled activated bentonite as
GRAS, meaning Generally Regarded As Safe.
The antidiarrheal must also be proven scientifically first through in vitro studies and then
through in vivo studies.

Berschneider and Powell set forth basic qualifications of such an antidiarrheal: it must have "a
high degree of activity, oral effectiveness, target its action on the intestine without systemic
absorption or systemic effect, have no effect on a normally functioning gut and have a mechanism
which is well understood." We believe that after further studies Redmond Clay may be proven to fit
each of these categories.
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Redmond Clay has demonstrated a potential for a high degree of activity through its high
affinity to cholera toxin. Should the activated bentonite bind enterotoxins just as successfully in
vivo, it would be very effective. The central concern that must be answered through in vivo trials is
whether activated bentonite can sequester enterotoxin after they have bound to a receptor.
Should the bentonite have a higher affinity for the toxin than the receptor, it may be concluded that
it definitely has a high degree of activity.

Activated bentonite is oral effective because it is easily swallowed and kept down. Although
Redmond Clay does not have a completely unpleasant taste, some may show reserve in taking it
orally. It may be possible to modify the taste or take the solution with food without hindering its
action. Because Redmond Clay is taken orally, its action is targeted to the lumen of intestine. As
previously addressed, the solution of activated bentonite is constituted of mainly electrolytes and
trace metals which are necessary for the diet and essential as a part of oral rehydration therapy
during acute diarrhea. Many scientists have voiced a concern that clay based sorbents may cause
granuloma

in

the

intestine.

Glucose
Sodium Potassium Chloride
*
Solution
mmol/L mmol/L
mmol/L mmol/L
WHO solution
90
20
80 111 (20)
Rehydralyte
75
20
65 139 (25)
Pedialyte
45
20
35 139 (25)
Resol
50
20
50 111 (20)
Ricelyte
50
25
45
(30)
Gatorade
23.5
<1
17
(40)
Bentonite**
90
25
25
-----Figures in parenthesis represent grams of carbohydrate

Granuloma is the build up of

Table 2 - Composition of Oral Replacement Solutions
for the Treatment of Diarrhea

Powell.

macrophages

which

can

be

detrimental to self cells. Only
further trials will show if this will
be a side-effect of the treatment.
As for the final qualification
set forth by Berschneider and
the

mechanism

by

which sodium bentonite may

function as an antidiarrheal has been shown with the presented research. Activated bentonite
should not be used to treat osmotic diarrhea because its mechanism is through binding the
enterotoxins that cause secretory diarrhea. A sorbent should be used to target the source of the
problem and not used to slow motility. The effect of allowing more time for water to be reabsorbed
will be offset by the increase in luminal osmolarity. Our study only endorses the possible use of
Redmond Clay as a treatment for enterotoxigenically induced secretory diarrhea.
We conclude that our study on Redmond Clay's action against the mycotoxin. AFB, and the
enterotoxin, cholera toxin, was successful. In solution, Redmond Clay does effectively bind these
toxins. These toxins can then be removed from the solution through centrifugation. We propose
that this action may make Redmond Clay an effective antidiarrheal against secretory diarrhea. Its
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biochemical make up lends it to be an effective oral rehydration solution as well. Should Redmond
Clay function as both an antitoxin and oral rehydration solution in vivo, not only would it be a cost
effective replacement of the current ORS, but it also has an excellent shelf life. We have not found
or know of any other functions that Redmond Clay might have as a treatment for diarrhea. We
hope that our research may prove useful to others that may continue this work.
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APPENDIX A
Aflatoxin is considered a Group I carcinogen in humans by the International Agency for
Research on Cancer (IARC). In the human liver, aflatoxin is activated by cytochrome p450 into an
8,9-epoxide that readily forms DNA adducts (8). Binding of this reactive intermediate to DNA
results in disruption of transcription. leading to abnormal cell proliferation and the formation of
tumors. In certain parts of the world, levels of aflatoxins in food produced for human consumption
are monitored because aflatoxin is a product of grain mold, Aspergillus flavzis. commonly found in
animal feed. It is estimated that one quarter of the world's food crop may be affected with
mycotoxins (16).
Detoxification of aflatoxin-contaminated foods and feed is a current problem in agriculture.
The ingestion of aflatoxins can lead to an illness known as aflatoxicosis in animals. The symptoms
of aflatoxicosis are: decreased carbohydrate. lipid, nucleic acid, and protein metabolism, reduced
growth rate of young animals, and impaired immunological responsiveness (8, 16, 23). These
problems leave the animal susceptible to additional infections which may lead to death.
Dairy cows often suffer from aflatoxicosis when levels of aflatoxins in their feed is high.
Besides the previously mentioned symptoms, aflatoxicosis results in high counts of aflatoxins in
their milk. Dairy cows convert from .25% to 4.8% of the aflatoxins in the feed to afltatoxin M, in the
milk (15). This poses a problem for dairy farmers when their milk productions does not meet FDA
standards for aflatoxin levels in the milk. Treatment with antibiotics may cure the aflatoxicosis but
it will also be toxic to the normal flora of the lumen which will contribute to high cell counts in the
milk, The most recent form of treatment, to keep supplementary feed under 5µg/kg of aflatoxin. is
the addition of sorbents in contaminated feeds to bind the aflatoxins. This will prevent aflatoxicosis
while keeping the somatic cell counts of the milk low (34). In vitro studies have shown that
activated carbons (10) and hydrated sodium calcium aluminosilicates (22) are capable of binding
AFB, in aqueous solution. In vivo tests on weanling piglets (30, 31) and broiler chickens (29) show
that treatment with bentonite may prevent aflatoxicosis.
APPENDIX B

General Intestinal Physiology
All of the vitamins, carbohydrates, fat, proteins, electrolytes, and trace minerals essential to
the human body's cellular and organ functions are obtained from ingested foods. "Knowledge of
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the normal physiology of the transport of water and electrolytes across the gastrointestinal tract is
an essential prerequisite for understanding of the pathophysiology of electrolyte disturbances
resulting from diarrheal disorders." (11). In this section, a basic description of electrolytes and fluid
transport involved in the digestion process will be given to provide a background understanding as
to why diarrhea occurs and how it might be prevented or cured by bentonite.
As food enters the mouth, it is broken down into smaller pieces by enzymes. The food travels
down the esophagus until it reaches the stomach, where enzymes and acids are secreted from its
walls. Once in the stomach, all of the ingested food is liquefied. This liquefaction is necessary for
absorption through the walls of the intestines. Upon leaving the stomach, this liquid food first
travels to the duodenum, the first part of the small intestine. "9-10 liters of fluid enter the
duodenum daily...2 liters are dietary...7-8 liters are from
secretions." (21). Absorption of the dietary nutrients
begins in the duodenum and continues as this fluid
travels to the large intestine, called the colon. (Fig. 6)
Most of the electrolytes (sodium and potassium) are
absorbed into the lining of the small intestine. To the
naked eye the lining of the intestine looks like a fleshy
shag carpet. Upon microscope examination of a single
section of that "carpet" it would appear to be packed with
small bumps called villi.
Examination of one individual villi would reveal
trillions of cells with more finger-like bumps called microvilli. The sum of the surface area created
by all of these bumps is equal to about 200 square meters, an area larger than the size of a
football field. This extensive surface area becomes important in allowing maximum absorption of
essential body nutrients.
At the tips of the villi are the cells (tip cells) involved in absorption, while the cells at the base
of the villi (crypt cells) primarily function as secretory cells (11). Sodium and potassium (Na+ and
K+ respectively), can enter the bloodstream either through "tight" junctions between these cells or
through the tip of cells themselves. It is important to note that whenever Na+ and K+ are
transported across these cells, water is brought with them, into the circulatory system. The
reverse of this statement is true as well. Whenever Na+ and K+ are secreted out of the crypt cells
into the lumen, water is brought with them. It is necessary that more water is absorbed than
secreted, in order to prevent dehydration. Many scientists have conceded that when glucose, a
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basic sugar, is present, the tip cells will allow the junction to open up even larger, thus increasing
permeability (3, 7, 12, 32). (Fig. 7)
To enter the bloodstream and from there to be taken to the
various parts of the body, Na+ and K+ must pass through the
basolateral membrane of the cells, which requires energy. This
action is important because Na+ and K— are used for nerve
impulses in the body. Three pathways exist in the body for
sodium to obtain the energy necessary to pass through the
basolateral membrane and into the bloodstream. One.
uncoupled absorption of Na+i two, co-transport of Na+ and CI-:
and three, Na+ coupled to absorption of organic solutes
(sugars and amino acids). The first pathway does not play a
large role in diarrhea. so it will not be detailed. It is a simple exchange between lK+ and Na+ in
and out of the lumen. The second pathway is the common method of diffusion. Na-- and CIcoupled together can create enough energy to pass through the basolateral membrane into the
bloodstream. In the third pathway, energy is derived from sugars such as glucose (as previously
mentioned) and amino acids. This pathway occurs through the "tight" junctions. This third pathway
plays a very important role in Oral Rehydration Therapy because it is the only transport
mechanism that continues to function during secretory diarrhea. More details on this subject are
covered in the following section.
The electrolytes and water that are not absorbed in the small intestine are passed into the
colon. Here, 80% of the water from the fluid passing into the colon is absorbed along with 90% of
the remaining electrolytes (12). "Normally 1-1.5 liters [of fluid] enters the colon. The colon absorbs
all but 200 mL [of that]... [in cases of diarrhea] the maximum colonic absorptive capacity [is] 4-6
liters." (21). This mass absorption of water turns the remaining waste back into solid form that is
later excreted from the body as fecal matter. "Normal stool output is approximately 100 to 200
g/day." (2, 21). Most cases of diarrhea occur because the amount of fluid exceeds the maximum
absorptive capacity of the colon. The fluid that is not absorbed is excreted as watery stool.
Therefore, an antidiarrheal should target on preventing secretion of electrolytes, which will in turn
prevent large volumes of water from being secreted and causing secretory diarrhea.
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PATHOpHYSIOLOGY OF DIARRHEA
The symptoms involved in diarrhea include an increase in frequency and volume of watery
stools. Diarrhea can be classified as osmotic or secretory. Osmotic diarrhea is the result of a
decrease in water absorption in the colon. Secretory diarrhea, on the other hand, results from an
increased secretion of fluid into the intestinal tract (21). These two forms of diarrhea differ widely
in their causes, signs and symptoms. The following portion details the differences between these
two classifications of diarrhea.

OSMOTIC DIARRHEA
Osmotic diarrhea is typically caused by non-infectious condition, The major condition leading
to osmotic diarrhea is malabsorption. Malabsorption is the inability of certain ingested
carbohydrates to be absorbed by the microvilli (11. 12, 21, 32). When these water-soluble
carbohydrates reach the colon they are fermented by colonic bacteria into luminol osmols, which
not only can not be absorbed but also prevent reabsorption of water by the colon, resulting in
watery stools (11, 12, 21).
Several types of molecules in food can lead to osmotic diarrhea. One example is glucosegalactose (dissacharide). This molecule will not be absorbed due to a defect in transport
mechanisms or if the intestinal microvillus membrane is damaged (11). Another example of an
unabsorbable carbohydrate is lactose. The body can not absorb lactose. Lactobacillus, a bacteria
that is part of the normal intestinal flora, produces lactase, an enzyme capable of breaking down
lactose into an absorbable form. Thus, if lactobacillus is absent, a person will be unable to absorb
lactose which causes lactose intolerance. Thus, lactose intolerance causes osmotic diarrhea,
abdominal distention, abdominal pain, and excessive gas (32).
Laxatives are another cause of osmotic diarrhea. When a person is suffering from constipation
or is unable to defecate, a laxative is taken to loosen up their stools. Laxatives are made up of
nonabsorbable inorganic components that are fermented by bacteria in the colon. When these
components are fermented, they become luminol osmols which means they prevent reabsorption
of most of the water. The extra water in the lumen is what induces a looser stool or diarrhea.
depending on the strength of the laxative. Because water is only prevented from being absorbed
and no water is secreted. osmotic diarrhea is always small in volume (<l liter/day) (21). Children
that suffer from malabsorption may experience severe weight loss and dehydration if their diets
are not adjusted. The carbohydrates. essential to growth, that are not being absorbed must be
substituted by a similar carbohydrate that can be absorbed. Fructose, a simple sugar often found
in fruit, is the suggested substitute for glucose and sucrose for malabsorption caused by glucose- 50 -
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galactose. Lactose can be replaced by Soy milk, or lactase pills can be taken. The most common
sign that diarrhea is osmotic is discontinuance of symptoms upon fasting (21, 32).

Without

ingesting carbohydrates that create an osmotic load. watery stool will not continue.
SECRETORY DIARRHEA
Infectious bacterial enterotoxins are the most common cause of secretory diarrhea (12).
Bacterial enterotoxins cause an increased secretion of Chloride (CI-) and Na+ in the crypt cells of
the mucosal membrane (12). As previously mentioned, when Na+ is transported across the
mucosal membrane into the intestinal lumen water also enters the intestinal lumen. This increase
of fluid in the intestinal tract can become too large for the colon to reabsorb. resulting in large stool
volume (>l liter/day) (21). Other causes of secretory diarrhea include viral agents, tumor hormones
and neurotransmitters. There are three ion secretion mechanisms: One, cyclic adenosine
monophosphate (cAMP); two, Cyclic guanosine monophosphate (cGMP): and three, calcium
(Ca+-r) (11, 12, 32). All three of these mechanisms function almost identically by phosphorylating
mucosal membrane proteins via protein kinases.
This phosphorylation results in a conformational change in the mucosal membrane proteins.
This change in conformation prevents neutral NaCI absorption (the second sodium transport
mechanism) and stimulates secretion of Cl-, which takes Na+ and water along with it. The Na+
absorption by means of the glucose carrier mechanism continues to function (12. 32). This
provides a method of replenishing electrolyte and water losses by means of oral rehydration
solutions.
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APPENDIX C

ORAL REHYDRATION THERAPY
In the mid 1970's. Oral Rehydration Therapy (ORT) was the most revolutionary advance in the
treatment of acute diarrhea and today it remains the cornerstone (7). The WHO has stated that
ORT is "potentially the most important medical advance this century [20th century]." (12). It took
an understanding of the physiologic concepts of water and electrolyte transport for researchers to
find a solution to remedy the loss of fluids and electrolytes. The key is in the fact that although
bacterial enterotoxins shut down the NaCl co-transport absorption pathway. the sodium and
glucose paired pathway remains functional.
Supplementing the diet of a child suffering from secretory diarrhea with only electrolyte salts
(NaCI, KCl and MgCI) would not do much for the child's increasing dehydration. It was found that
adding electrolyte salts to a solution of water and glucose would make a solution that would
function amazingly in replenishing the lost fluids and electrolytes in that child. The WHO has even
gone as far to say that ORT is sufficient treatment for the majority of episodes of acute diarrhea
(13). The WHO estimates that 90-95% of patients with acute diarrhea can be successfully treated
with ORT alone, including those with travellers' diarrhea (7, 12, 25).
ORT, however, is not very beneficial for children with osmotic diarrhea caused by
malabsorption. Because malabsorption diarrhea is caused by the inability to digest sugars such as
glucose, a solution of glucose-based oral rehydration solution would only enhance the problem. If
a child that suffers from malabsorption is diagnosed with secretory diarrhea. ORT may induce an
osmotic diarrhea (11, 12). It is suggested that sucrose or amino acids can replace glucose, but the
result is not nearly as effective. If the case is severe, intravenous therapy could be implemented
without any problems. Intravenous therapy is when fluids and electrolytes are put directly into the
blood system, without the patient having to orally take anything.
A concern that many scientists had about the WHO accepted ORT was its high concentration
of sodium. Too much sodium in the human system can result in hypernatremia. This fear has
subsided with further studies that have shown the concentration to be harmless (11, 25). The cost
of such prepared solutions is cheaper than medications but still can be burdensome for poor
families with several children.
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BIOCHEMICAL ASSAY OF SODIUM BENTONITE
Note:
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Introduction
An extensive literature is available which has recently been reviewed by Cooper (1) indicating
that the eating of clay has been observed in many peoples and animals in all parts of the world
since antiquity. Many of the early writers considered clay-eating a manifestation of perverted
appetite and responsible for a wide variety of physical ailments, debility and disease.
Christopherson (2) and Mathieu (3) considered the principal danger of earth-eating or clay-eating
to be that of swallowing the ova or embryos of intestinal parasites that may be present in these
materials. Other writers have reported that clay eating was apparently without deleterious effects
and may even have contributed toward well-being and health. Blair (4) described the widespread
use of kanwa (earth from a "lick" near Lake Chad) for animals and humans in Nigeria. Long
journeys were made to the lick to obtain a tribal supply of this earth, and it was then issued as
rations to cattle and humans. Blair noted that from parturition to weaning the nursing mothers
received a double ration, the infants being given lumps to suck from eighteen months onward.
Lasch (5) reported that earth-eating was widespread in parts of Central Europe, particularly
among women and children, and reported a number of the common superstitions concerning it:
namely that it stops vomiting in pregnancy, is a remedy for constipation, serves as a specific
against syphilis, secures a good posture in the foetus - causes it to "stand up", and the old
superstition that it insures fine progeny. French (6) mentions that licking and eating of earth at
certain recognized spots by domesticated animals has been such common feature of native
animal husbandry in many parts of Africa that it is regarded as natural and even essential to
health and fertility of livestock. If no edible earths are available locally it is customary to trek
animals at regular intervals to areas where the above spots are located or to bring supplies of
such soil to the animals. Foster (7) reported that earth or clay eating and other forms of pica in
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animals are indicative of a dietary deficiency. He noted that pica is prevalent among humans in
widely scattered races, being commonest in pregnancy, lactation and the growth period when
demands upon nutrition are greatest. From the analogy of natural and experimental cases of pica
among animals, he suggested tentatively that the underlying factor in human pica lies in a
deficiency in the inorganic constituents of the diet.
That earth or clay-eating is not merely of historical interest is indicated by some very recent
references to it. In 1942 Dickens and Ford (8) made a survey of Negro school children in rural
Mississippi. Their findings showed that of 207 children, 26% of the boys and 25% of the girls had
eaten dirt or clay in the two-week period immediately preceding. A significant relationship was
found between dirt and clay eating and the type of food taken, the dirt and clay-eaters being those
who had fewer iron-rich foods. In 1952 deCastro (9) reported that in Bahia, a city of northeastern
Brazil, nearly 40% of the school children were found to be suffering from anemia. When a
supplement containing iron was added to their diet, the anemia rate dropped in four months to
only 3%, confirming the fact that a deficiency was the cause of the disease. In places where this
evil is most intense, one finds the strange phenomenon of geophagy or geomania, “the habit of
eating earth". This custom, according to deCastro, represents a state of specific hunger. He states
that "An analysis of the clays that are eaten as foods in Brazil confirms the fact observed by
Cobert in Tunisa, and Batz in the Congo - they are for the most part clays which contain high
proportions of iron salts. There are indications, however, that the beneficial effects of earth or clay
eating may be due, at least in part, to factors other than their iron content. Thus Sydenstricker (10)
observed that the eating of Kaolin was very common among pellagrins and that "Certain veins of
clay were greatly esteemed; they carved it into sticks and ate it like candy". Of possible pertinence
to the above is the report by Cooper (1) that "Keepers in the Baltimore Zoo routinely supply to the
kangaroos three to four pounds of red clay per week as a dietary supplement. In discussing this
with the administrative and veterinary staff of the Zoo they said it is common knowledge among
zoo keepers that kangaroos in captivity are liable to develop lesions in the mouth which are more
or less comparable to canine black tongue. When this condition in the kangaroo is discovered very
early, it can be treated successfully by the administration of the B-complex (untreated, it is rapidly
fatal), but it can be avoided entirely by supplying red clay to the animals regularly". Additional data
indicating the beneficial effects of clay supplementation have recently been obtained by Ershoff
and Bajwa (12) who found that certain batches of clay when incorporated at levels of 2% to 4'% in
the diet largely counteracted the adverse effects of feeding a low calcium, low protein, low fat,
cariogenic ration similar to diet 256 of McClure (13) on the weight increment, caries experience,
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and bone pathology of rats. The following experiments were undertaken to obtain further data on the
effects. of dietary clay supplements on the immature rat, hamster, mouse and miniature pig.
Experimental: Procedure and results
Experiment No. 1: Comparative effects of clay supplement "A" on the increment in body
weight and the microscopic appearance of the long bones of immature male rats, hamsters, mice
and miniature pigs fed a low calcium, low protein, low fat, non-heat processed, wheat flourcontaining ration similar to diet 256 of McClure.
The basal ration used in these studies consisted of non-heat processed wheat flour, 80%;
cerelose, 18%; and Dessicated Liver N.F., 2%; To each kg. of the above were added 5,000 U.S.P.
units of vitamin A, 500 U.S.P. units of vitamin D2 and 100 mg. of alpha-tocopherol acetate. Diet Al
was the unsupplemented basal ration indicated above; diets A2, A3, and A4 were similar but were
supplemented with clay sample "A"1 at levels of 1%, 2%, and 4% of the ration respectively. The
latter was incorporated in the diet in place of an equal amount of cerelose.
a. Studies with rats.
Sixty male rats of the Long-Evans strain were selected at an average body weight of 43.5 gm
(range 37 to 53 gm) and were divided into four comparable groups of 15 rats each. Animals were
placed in metal cages with raised screen bottoms (3 rats per cage) and the four groups were
provided with diets Al to A4 respectively and distilled water ad libitum. The rats were weighed
once weekly during the course of the experiment. Animals were sacrificed after eight weeks of
feeding, The hind legs were placed in 10% neutral formalin for fixation, decalcified in 10% nitric
acid in 10% formalin, washed with saturated lithium carbonate, dehydrated and infiltrated in the
routine manner, imbedded in paraffin, and sections prepared at 7µ in thickness and stained with
hematoxylin and eosin.
In agreement with previous findings (13) the ingestion of a clay supplement significantly
improved the weight increment and the microscopic appearance of the long bones of immature
rats fed a low calcium, low protein, low fat, non-heat-processed, wheat flour-containing ration
similar to diet 256 of McClure. The increment in body weight was proportional to the level of clay
supplement fed. The average weight increments in rats in the various groups after 2, 4, 6, and 8
weeks of feeding are summarized in Table 1.

-- 62 --

- 62 -

Terramin NASA Study

Table 1
Effects of graded levels of clay supplement "A" on the weight increment of immature male rats
fed a low calcium, low protein, low fat, non-heat-processed,wheat flour-containing ration (15
animals per group).

Dietary Group

Basal ration
(diet A1)
Basal ration + 1%
clay supplement “A”
(diet A2)
Basal ration + 2%
clay supplement “A”
(diet A3)
Basal ration + 4%
clay supplement “A”
(diet A4)

Initial
body
wt
(gm.)

Gain in body wt. after the
following weeks of feeding
(gm.)

43.5

26.1

52.5

65.0

80.0

43.5

29.3

64.2

92.3

121.2

43.5

36.0

83.6 125.5

166.7

43.4

39.7

92.2 144.2

187.7

The bones of rats on the unsupplemented basal ration diet (diet 1A) showed gross and
microscopic changes typical of rickets. Grossly the tibia and femur were bent, enlarged at the
epiphyseal ends and knobby in appearance due to healed spontaneous fractures. Their marrow
cavity was much widened. The articular surfaces had an uneven and somewhat flattened
appearance due to under-developed and deficient supporting epiphyseal trabecular bone.
Spontaneous fractures observed regularly were healed and were accompanied by moderate to
marked chondromatosis and periosteal thickening. Pathologic changes occurred in all areas of the
bones and were marked by severe cancellous degeneration of the cortical bone (Fig. 1), defective
and deficient modelling of the spongiosa bone in the metaphysis (Fig. 4), abnormal bone
regeneration, osteoid replacement and deficient mineralization of the formed bone, generalized
osteoblastic hyperplasia, marked decrease in the hematopoietic marrow (Fig. 4,7), compensatory
thickening and hyperplasia of the periosteum, and generalized congestion of the marrow. The
cortical cancellous changes were regularly more severe along the convex aspect of the tibial and
femoral shaft (Fig. 1). The epiphyseal plate was considerably thickened due to lack of ossification
of its columns. The bone growth was usually so defective that the entire metaphysis was seen as
a mere network of osteoid and hyperplastic osteoblasts (Fig. 4). These changes often extended
deep into the diaphysis involving the entire shaft. The marrow everywhere was sparse in
hematopoietic tissue and consisted mainly of fatty tissue and engorged capillaries (Fig. 7).
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In contrast, the bones of rats fed the basal ration supplemented with 4% clay supplement "A"
(diet A4) were normal in appearance with well developed compact cortical bone (Fig.2), a normal
looking epiphyseal plate supported by normally modelled spongiosa bone (Fig. 5), and active
hematopoietic marrow (Fig 8).
The cortical bone was virtually equal in thickness in the convex and concave side of the shaft
of the femur. A significant improvement in the appearance of the femur and tibia both grossly and
microscopically over that of rats fed the basal ration (diet Al) was also observed in rats fed the
basal ration plus 1% and 2% clay supplement "A" (diets A2 and A3) respectively). The bone in the
latter groups was not as well developed and modelled however, as that of rats fed clay
supplement "A" at a 4% level (diet A4). Minimal rachitic changes were present in rats fed clay
supplement "A" at a 1% level (diet A2)(Fig. 3 and 6) but not at the 2% level of supplementation
(diet A3). The hematopoietic tissue although well developed in rats fed diets A2 and A3 compared
to that of rats fed the unsupplemented basal ration (diet Al), was less abundant than that of rats
fed the 4% clay supplement (diet A4)(Fig 8 and 9). No spontaneous fractures were observed in
any of the rats fed clay supplement "A" at any level of feeding.
b. Studies with hamsters.
Sixty male hamsters were selected at an average body weight of 41.3 gm (range 36 to 49 gm)
and were divided into four comparable groups of 15 animals each. Animals were placed in metal
cages with raised screen bottoms (3 hamsters per cage) and the four groups were provided with
diets Al to A4 respectively and distilled water ad libitum. The hamsters were weighed once weekly
during the course of the experiment. Animals were sacrificed after 8 weeks of feeding. Histological
sections of the hind legs were prepared by the same procedure as was employed in the rat
experiments (section a, above). In agreement with findings in the rat experiments the ingestion of
clay supplement "A" significantly improved the weight increment and the microscopic appearance
of the long bones of immature male hamsters fed the low calcium, low protein, low fat, non-heatprocessed, wheat flour-containing ration similar to diet 256 of McClure. In contrast to findings in
rats, however, clay supplement "A" at a 1% level of supplementation (diet A2) did not differ
significantly from the 2% and 4% levels of supplementation (diets A3 and A4, respectively) insofar
as effects on increment in body weight were concerned. The average weight increments of
hamsters in the various groups after 2,4,6, and 8 weeks of feeding are summarized in Table 2.

Table 2
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Effects of graded levels of clay supplement "A" on the weight increment of immature male
hamsters fed a low calcium, low protein, low fat, non-heat processed, wheat flour-containing ration
(15 animals per group).

Dietary Group

Basal ration
(diet A1)
Basal ration + 1%
clay supplement
“A”
(diet A2)
Basal ration + 2%
clay supplement
“A”
(diet A3)
Basal ration + 4%
clay supplement
“A”
(diet A4)

Initial
body wt
(gm.)

Gain in body wt. after the
following weeks of feeding (gm.)

41.3

20.5

30.3

36.1

35.6

41.3

20.3

39.2

51.7

59.0

41.3

25.3

42.6

53.7

60.8

41.2

21.2

39.4

53.6

62.8

The bones of hamsters on the unsupplemented basal ration (diet Al) exhibited gross and
microscopic changes typical of rickets but less marked than those of rats fed a similar diet. Normal
modelling of the bone was generally preserved excepting moderate enlargement of the epiphyseal
ends. The bones were smaller than normal and had some irregularity of their articular surfaces due
to malformed and underdeveloped supporting trabecular bone. The major effects noted were on
the hematopoietic marrow which was replaced in large part by fatty tissue (Fig. 10 and 16). The
cortical bone was thin and porous and exhibited moderate chondromatosis and thickening and
hyperplasia of the periosteum along the anterior and convex aspect of the shaft (Fig. 10). There
was marked disruption of the normal architecture of the spongiosa bone due to defective growth
and modelling of its supporting epiphyseal processes. The metaphysis was transformed into a
network of thin, malformed and irregular trabeculae, hyperplastic osteoblasts and severely
engorged blood vessels (Fig. 13). These changes were contiguous with similar lesions in the
diaphysis. The trabeculae here and in the metaphysis were composed of thin osseous bone,
persistent chondroblasts and abundant osteoid surrounded by multiple layers of proliferating
osteoblasts (Fig. 13). The osteoclastic activity appeared to be either minimal or completely absent.
The bony cortex along the posterior or concave aspect of the shaft although thin and less
cancellous contained prominently widened canals. Slight to moderate periosteal thickening and
hyperplasia were also present. (Fig. 10)
In contrast, the bones of hamsters fed the basal ration supplemented with 1% clay
supplement "A" (diet A2) had only minimal rachitic changes and a near normal appearance. A
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marked increase in hematopoietic tissue was apparent throughout. Bone growth and modelling of
the spongiosa bone were only slightly abnormal and the supporting epiphyseal processes had
assumed a normal downward growth pattern and thickness. There was marked reduction of
osteoplastic activity adjacent to the trabeculaewhich showed well developed bone and only a
slight amount of osteoid. The epiphyseal plate had deeper penetrating blood capillaries and
essentially normal thickness. The spongiosa bone contained abundant hematopoietic tissue.
There was marked reduction of periosteal thickening except along the cancellous cortex of the
anterior or convex part of the midshaft. Supplementation with 4% clay supplement "A" (diet A4)
promoted bone growth and development to the fullest extent. The bones of hamsters in the latter
group showed normal modelling, thick, well developed cortical bone (Fig. 11), abundant
hematopoietic tissue (Fig. 11 and 17), normal bone growth (Fig. 14), and well developed
trabecular bone (Fig. 14). The bones of hamsters fed the basal ration supplemented with 2% clay
supplement "A" (diet A3) were devoid of rachitic changes and were normal in appearance but
were less developed than those of hamsters fed the 4% clay supplement (diet A4)(Fig. 12, 15 and
18).
c. Studies with Mice.

Sixty male mice of the Swiss Webster strain were selected at an average body weight of 12.7
gm.(range 10.6 to 14.2 gm) and were divided into four comparable groups of 15 animals each.
Animals were placed in metal cages with raised screen bottoms (5 mice per cage) and the four
groups were provided with diets Al to A4 respectively and distilled water ad libitum. The mice were
weighed once weekly during the course of the experiment. Animals were sacrificed after 8 weeks
of feeding. Histologic sections of the hind legs were prepared by the same procedure as was
employed in the rat experiment (section a, bove) . Findings indicate that clay supplement "A" at all
levels of feeding resulted in a significantly greater weight increment than occurred in mice
fed the unsupplemented basal ration (diet Al). The growth promoting effects of the clay
supplement were particularly marked during the first 4 weeks of feeding. As in the case of
hamsters (section b above) the weight increment of mice fed the basal ration + 1% clay
supplement "A" (diet A2) did not differ significantly from that of mice fed the 2% or 4% clay
supplements (diets A3 and A4 respectively). The average weight increments of mice in the various
groups after 2,4,6, and 8 weeks of feeding are summarized in Table 3.
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Table 3
Effects of graded levels of clay supplement "A" on the weight increment of immature male
mice fed a low calcium, low protein, low fat, non-heat-processed,wheat flour-containing ration.

Dietary Group
(15 animals per group)

Basal ration
(diet A1)
Basal ration + 1%
clay supplement “A”
(diet A2)
Basal ration + 2%
clay supplement “A”
(diet A3)
Basal ration + 4%
clay supplement “A”
(diet A4)

Initial
body wt
(gm.)

12.7

Gain in body wt. after the
following weeks of feeding
(gm.)
5.4
7.2
8.5
4.5
(13)
(13)
(13)

12.7

9.6

14.1

17.0

17.1

12.7

7.5

11.7

13.9

15.4

12.6

10.7

13.7

15.3

15.8

The values in parenthesis indicate the number of animals which survived and on which data are
based, when less than the original number per group.
Among the various species of animals used in this study, mice fed the unsupplemented basal
ration (diet AI) showed the least changes in respect to the microscopic appearance of the bone.
Only mild rachitic changes were present as evidenced by a slightly defective bone growth pattern
(Fig. 21). Otherwise, in respect to the cortical and trabecular bone, hematopoietic tissue and
modelling, the bones were well developed and normal in appearance (Fig. 19). The addition of I%
clay supplement "A" to the basal ration prevented the early rachitic growth defect and promoted
bone development. Higher levels of clay supplementation (diets A3 and A4) promoted bone
development in excess of that obtained on diet A2, the effects being proportional to the amount of
clay added (Fig. 20 and 22).

d. Studies with miniature pigs.
Eight male miniature pigs3 were selected at an average body weight of 26.7 lb. (range 23 to 31
lbs.) and were divided into two comparable groups of 4 animals each. Animals were placed in
wooden pens (4' in width, 6' in length, and 42" in height), containing 2 pigs per pen. The pens had
solid wooden bottoms covered with wood shavings which were changed daily. One group was fed
the unsupplemented basal ration (diet Al); the other, the basal ration + 2% clay supplement "A"
(diet A3). The diets were mixed with distilled water immediately before feeding into a semi-liquid
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mash. These diets as well as an additional supply of distilled water were provided ad libitum daily.
The pigs were weighed at 2 week intervals during the course of the experiment. Animals were
sacrificed after 12 weeks of feeding. One hind limb of each pig was removed at the hip joint at the
time of sacrifice and x-ray pictures taken for examination. Histological sections of the other leg
were prepared at the proximal end of the tibia for microscopic examination. In contrast to findings
in rats, hamsters and mice, miniature pigs fed clay supplement "A" at a 2% level in the ration (diet
A3) did not exhibit an increment in body weight significantly greater than that obtained on the
unsupplemented basal ration (diet Al). The average weight increments of miniature pigs on the test
diets during the 12 week experimental period are summarized in Table 4.
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Table 4
Effects of clay supplement "A" when fed at a 2% level in the ration on the weight increment of
immature male pigs fed a low calcium, low protein, low fat, non-heat processed, wheat flourcontaining ration (4 animals per group)

Dietary Group
(15 animals per
group)
Weeks of
Feeding
Basal ration
(diet A1)
Basal ration +
2%
clay
supplement “A”
(diet A3)

Initial
body
wt
(gm.)

Gain in body wt. after the
following weeks of feeding (lbs.)
2

4

6

8

10

12

27.1

3.8 9.8 14.1 19.3

24.3

28.5

26.3

3.8 8.2 13.1 18.7

26.2

30.3

The miniature pigs on the unsupplemented basal ration (diet Al) exhibited gross findings
suggestive of early rickets. Both the tibia and femur had enlarged joints due to widened epiphyseal
ends and exhibited decreased density in the x-ray film. The femoral neck was shortened and the head
increased in diameter (Fig. 23 and 24). Histologically, the tibial shaft showed demineralization,
absorption and increase in osteoid as evidence of early osteoporotic changes (fig. 25). The cortical
and trabecular bone was thin throughout. Bone growth was defective resulting in malformed
spongiosa bone, especially its supporting epiphyseal processes (Fig. 27). The spongiosa bone
showed marked compensatory fibroblastic proliferation, a defective trabecular modelling, marked
congestion and scant hematopoietic tissue and engorged blood vessels (Fig. 29). In contrast to
the above miniature pigs fed the basal ration + 2% clay supplement "A" (diet A3) had bones with
only slight rachitic alterations. On x-ray examination they were denser, more normally modelled and
more developed than those of pigs fed the unsupplemented basal ration (diet I)(Figs. 23 and 24).
The trabecular bone was thicker and more compact but not fully developed (Fig. 26). The
epiphyseal trabecular and spongiosa bone were more developed and normally modelled (Fig. 28).
Bone growth was more normal as shown by deeper capillary penetration, moderate ossification,
reduced thickness, and more normally modelled supporting spongiosa processes of the eiphyseal
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plate (Fig.30). The marrow contained a moderate amount of hematopoietic tissue and near normal
vasculature (Fig 30).

Experiment No. 2: Comparative effects of calcium carbonate and clay supplement "A" on the
increment in body weight and the microscopic appearance of the long bones of immature male
rats fed different types of low calcium diets.
Four basal low-calcium were employed in the present experiment: Diets Al, B1, Cl, and DI: Diet Al
was identical to the unsupplemented basal ration used in Experiment No. I and was a low calcium,
low protein, low fat, non-heat-processed, wheat flour-containing ration similar to diet 256 of
McClure. Diet B1 was similar to diet Al but rye flour was incorporated in the ration in place of the
non-heat-processed wheat flour. The composition of diet B1 was: Rye flour, 80%; cerelose, 18%;
and Desiccated Liver N.F., 2%. To each kg. of the above were added 5,000 U.S.P. units of vitamin
A, 500 U.S.P. units of vitamin D2, and 100 mg_ of alpha-tocopherol acetate. Diet Cl was a highly
purified, calcium-deficient ration containing casein as the source of dietary protein. It consisted of:
Vitamin-Free Test Casein4, 18%; cottonseed oil, 5%;calcium-free salt mixtures 3%; and sucrose,
74%. To each kg. of the above were added the following vitamins: thiamine hydrochloride, 4 mg;
riboflavin, 4 mg.; pyridoxine hydrochloride, 4 mg; calcium pantothenate, 40 mg; nicotinic acid, 100
mg.; ascorbic acid, 200 mg.; biotin, 1 mg.; folic acid, 2 mg.; para-aminobenzoic acid, 200 mg.;
inositol, 400 mg.; vitamin B12, 100 µg; 2-methyl-1, 4-napthoquinone, 5 mg; choline chloride, 2 gm;
vitamin A, 5,000 U.S.P. units; vitamin D2, 500 U.S.P. units; and alpha-tocopherol acetate 100 mg.
The vitamins were added in place of an equal amount of sucrose. Diet D1 was similar to diet Cl
but contained methioninesupplemented soy protein in place of casein as the source of dietary
protein. It consisted of Soya Assay Protein4, 18%; cottonseed oil, 5%; calcium-free salt mixture,5
3%;ail-methionine, 0.375% and sucrose 73.625%. To each kg. of the above were added the same
vitamin supplements as were added to diet Cl. The vitamin supplements and dl-methionine were
added in place of an equal amount of sucrose.
a. Comparative effects of calcium carbonate and graded levels of clay supplement "A" on the
increment in body weight and the microscopic appearance of the long bones of immature male
rats fed a low calcium, low protein, low fat, non-heat-processed, wheat flour-containing ration
similar to diet 256 of McClure.
Sixty-six male rats of the Long-Evans strain averaging 43.5 gm. in body weight (range 37-53
gm.) were employed in the present experiment. Animals were divided into 5 groups, 4 of which
consisted of 15 animals each; the 5th group of 6 rats. One group of 15 rats was fed the
unsupplemented basal ration (diet Al). Three additional groups of 15 rats each were fed the above
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basal ration supplemented with 1%, 2% and 4% clay supplement "A" (diets A2, A3, A4
respectively). The above 4 groups were the same animals that were reported on under section "A" of
Experiment No. 1. The 5th group was fed diet AS which consisted of the above basal ration plus 3
gm. CaCO3 per kg. of diet which was added in place of an equal amount of cerelose. This amount
of CaC03 contained the same amount of calcium present in the clay supplement "A" incorporated
in a kg. of diet A4. Animals were placed in metal cages with raised screen bottoms (3 rats per cage)
and were provided with the test diets and distilled water ad libitum. The rats were weighed once
weekly during the course of the experiment. Animals were sacrificed after 8 weeks of feeding and
histological sections of the hind legs prepared as described under section a, experiment 1.
Findings indicate that whereas clay supplement "A" at levels of 1%, 2% and 4% of the ration (diets
A2, A3 and A4 respectively) resulted in a significant increment in body weight over that obtained
on the unsupplemented basal ration (diet Al),the CaCO 3 supplement (diet A5) was ineffective in
promoting an increment in body weight. The average weight increments of rats in the various groups
after 2, 4, 6, and 8 weeks of feeding are summarized in Table 5.
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Table 5

Dietary
Group

No.
of
rats

Weeks of
Feeding
Basal ration
(diet A1)

Basal ration
+ 1%
clay
supplement
“A”
(diet A2)
Basal ration
+ 2%
clay
supplement
“A”
(diet A3)
Basal ration
+ 4%
clay
supplement
“A”
(diet A4)
Basal ration
+ 2%
clay
supplement
“A”
(diet A5)

Initial Gain in body wt. after the
following weeks of feeding (gm.)
2
4
6
8

15

43.5 26.1 52.5

65.0

80.0

15

43.5 29.3 64.2

92.3

121.2

15

43.5 36.0 83.6 125.5

166.7

15

43.3 39.7 92.2 144.2

187.7

6

43.6 27.8 43.6

73.8

63.0

The microscopic appearance of rats fed diets Al, A2, A3 and A4 was previously reported
under section a, experiment 1 (Fig. 1 to 9). Supplementation with CaCO 3 (diet A5) resulted in a
moderate improvement in the appearance of bone (Fig. 31, 32, and 33) over that of rats fed the
unsupplemented basal ration (diet Al). Rats fed the CaCO 3 supplement had bones which were
similar in appearance to those of rats fed the 1% clay supplement (diet A2). CAC0 3
supplementation, however, resulted in no improvement in the appearance of hematopoietic tissue
over that of rats fed the unsupplemented basal ration in contrast to the well developed
hematopoietic tissue in rats fed the 1% clay supplement (diet A2) (Fig. 9 and 33).
b. Comparative elects of calcium carbonate and graded levels of clay supplement "A" on the
increment in body weight and the microscopic appearance of the long bones of immature male rats
fed a low calcium, low protein, low fat, rye flour containing ration.
Fifty-four male rats of the Long-Evans strain averaging 41.7 gm. in body weight (range 36 to
50 gm) were employed in the present experiment. Animals were divided into 5 groups, 4 of which
consisted of 12 animals each; the 5th group of 6 rats. One group of 12 rats was fed the
unsupplemented basal ration (diet B1). Three additional groups of 12 rats each were fed the above
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basal ration supplemented with 1%, 2% and 4% clay supplement "A" (diets B2, B3 and B4
respectively). The 5th group was fed diet B5 which consisted of the above basal ration plus 3 gm.
CaCO3 per kg. of diet which was added in place of an equal amount of cerelose. This amount of
CaCO3 contained the same amount of calcium present in the clay supplement "A" incorporated in
a kg. of diet B4. Animals were placed in metal cages with raised screen bottoms (3 rats per cage)
and were provided with the test diets and distilled water ad libitum. The rats were weighed once
weekly during the course of the experiment. Animals were sacrificed after 3 weeks of feeding and
histological sections of the hind legs prepared as described under section a, experiment 1, above.
Findings indicate that the ingestion of clay supplement "A" significantly improved the weight
increment and the microscopic appearance of the long bones of immature male rats fed a low
calcium, low protein, low fat, rye flour-containing ration. The increment in body weight was
proportional to the level of clay supplement fed. In contrast to the effects obtained with clay
supplement "A", CaCO3 when fed at a level of 3 gm. per kg. of diet was without activity in promoting
an increment in body weight. On the contrary, the weight increment of rats fed the CaCO3
supplement was less than that of rats fed the unsupplemented basal ration (diet 31). The
average weight increments of rats fed diets BI-B5 after 2, 4, 6, and 8 weeks of. feeding are
summarized in Table 6.
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Table 6
Comparative effects of calcium carbonate and graded levels of clay supplement "A" on the
increment in body weight of immature male rats fed a low calcium, low protein, low fat, rye flourcontaining ration.

Dietary Group

No.
of
rats

Weeks of
Feeding
Basal ration
(diet B1)
Basal ration +
1%
clay
supplement “A”
(diet B2)
Basal ration +
2%
clay
supplement “A”
(diet B3)
Basal ration +
4%
clay
supplement “A”
(diet B4)
Basal ration +
2%
Basal ration +
3 gm CaCO3
per kg. of diet
(diet B5)

Initial Gain in body wt. after the
following weeks of feeding (gm.)
2
4
6
8

12

41.7

24.0

42.1

55.7

78.9

12

41.6

23.7

54.7

81.7

107.3

12

41.7

31.2

71.1 110.3

144.9

12

41.7

38.3

81.3 130.6

164.4

6

41.6

24.7

38.7

54.7

48.2

The bones of rats on the unsupplemented basal ration (diet B1) showed gross and
microscopic changes typical of rickets. Grossly the tibia and femur were bent, malformed and
enlarged at their epiphyseal ends. Their articular surfaces were uneven and somewhat flattened in
appearance due to thin articular cartilage supported by thin and underdeveloped epiphyseal
trabecular bone. Spontaneous fractures were common giving the bone a knobby appearance. The
lesions were generalized and characterized by marked thinning, porosity, demineralization and
increased ostcoid of the cortical bone, especially along the anterior or convex aspect of the shaft
(Fig. 34), widening and thickening of the epiphyseal, defective and deficient bone growth (fig 38),
and defective modelling of the trabeculae and epiphyseal processes of the spongiosa bone (Fig.
38). The marrow was deficient in hematopoietic tissue and was replaced by fatty tissue (Fig. 42).
The hematopoietic tissue of rats fed diet B1,however, was more abundant than that of rats fed diet
Al (Fig. 7 and 42). The above changes were essentially similar to but less severe than those
observed in rats fed the unsupplemented basal ration (diet Al) (Fig. 1, 4, and 7).
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In contrast to the above the bones of rats fed the basal ration supplemented with 4% clay
supplement "A" (diet B4) had fully and well developed bones with compact and mineralized
cortical bone (Fig. 35), normal appearing spongiosa, epiphyseal trabecular bone and hematopoietic
marrow (Fig. 39 and 43); A significant improvement in the appearance of the femur and tibia both
grossly and microscopically over that of rats fed the basal ration (diet B1) was also observed in
rats fed the basal ration plus 1% and 2% clay supplement "A" (diets B2 and B3
respectively)(Fig.36,40, and 44).The bone in the latter groups was not as well developed and
modelled as that of rats fed clay supplement "A" at a 4% level (diet B4) and some rachitic changes
were present in these groups, particularly in rats fed the 1% clay supplement (diet B2). No
spontaneous fractures were observed, however, in any of the rats fed clay supplement "A" and all
animals fed rations containing this supplement (Diets B2, B3 and B4) had bone marrows with
abundant hematopoietic tissue. Rats fed the CaCO3 supplement (diet B5) had bones which were
similar in microscopic appearance to that of rats fed the 2% clay supplement (diet B3)
(Fig.36,37,40,41,44, and 45). Little if any improvement was observed however, in the amount of
hemato-poietic tissue in rats fed diet B5 over that of rats fed the basal ration (diet B1) C.
Comparative effects of calcium carbonate and graded levels of clay supplement "A" on the increment
in body weight and the microscopic appearance of the long bones of immature male rats fed a
purified, calcium-deficient ration containing casein as the source of dietary protein.
Fifty-four male rats of the Long-Evans strain averaging 41.8 gm in body weight (range 36 to
50 gm) were employed in the present experiment. Animals were divided into 5 groups, 4 of which
consisted of 12 animals each; the 5th group of 6 rats. One group of 12 rats was fed the
unsupplemented basal ration (diet Cl). Three additional groups of 12 rats each were fed the basal
ration supplemented with 1%, 2% and 4% clay supplement "A" (diets C2, C3 and C4, respectively).
The 5th group was fed diet C5 which consisted of the above basal ration plus 3 gm. CaCO3 per kg. of
diet which was added in place of an equal amount of sucrose. This amount of CaCO3 contained
the same amount of calcium present in the clay supplement "A" incorporated in a kg. of diet C4.
Animals were placed in metal cages with raised screen bottoms (3 rats per cage) and were
provided with the test diets and distilled water ad libitum. The rats were weighed once weekly during
the course of the experiment. During the 5th week of feeding a number of animals fed the unsupplemented basal ration (diet CI) lost weight and during the ensuing 2 weeks 7 of the 12 rats in this
group died. The experiment was accordingly terminated and animals sacrificed after 7 weeks of
feeding. Histological sections of the hind legs were prepared as described under section a,
experiment 1. Findings indicate that the ingestion of clay supplement "A" significantly improved
the weight increment And the microscopic appearance of the long bones of immature male rats
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fed a purified, calcium-deficient ration containing casein as the source of dietary protein. The
increment in body weight was proportional to the level of clay supplement fed.
In contrast to the effects obtained on diet A1 and diet B5, CaCO3 when fed at a level of 3 gm.
per kg. of diet also promoted a significant increment in body weight over that obtained on the
unsupplemented basal ration (diet Cl) although less than that obtained with 4% clay supplement
"A" (diet C4). The average weight increments of rats fed diets C1-C5 after 2,4,6, and 7 weeks of
feeding are summarized in Table 7.
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Table 7
Comparative effects of calcium carbonate and graded levels of clay supplement "A" on the
increment in body weight of immature male rats fed a purified, calcium-deficient ration containing
casein as the source of dietary protein.

Dietary
Group

No.
of
rats

Weeks of
Feeding
Basal ration
(diet C1)
Basal ration
+ 1%
clay
supplement
“A”
(diet C2)
Basal ration
+ 2%
clay
supplement
“A”
(diet C3)
Basal ration
+ 4%
clay
supplement
“A”
(diet C4)
Basal ration
+
3 gm CaCO3
per kg. of
diet
(diet C5)

Initial Gain in body wt. after the
following weeks of feeding (gm.)
2
4
6
7

12

41.8

53.6

79.5

73.4
(9)

82.2
(5)

12

41.8

56.0

101.8

126.0

137.4

12

41.8

58.8

122.7

176.5

195.5

12

41.7

66.0

144.7

210.4

231.7

6

41.8

58.2

123.2

180.5

200.7

The values in parenthesis indicate the number of animals which survived and on which data are
based when less than the original number per group. The bones of rats on the unsupplemented
basal ration (diet Cl) showed severe rachitic changes. The femur and tibia were markedly bent and
deformed with epiphyseal ends about twice the normal size.
The bones had a knobby appearance due to multiple spontaneous fractures. The articular
surfaces were dented and prominently flattened. Microscopically these bones were so malformed
that the metaphysis and diaphysis were indistinguishable in appearance consisting of a network of
trabecular osteoid, hyperplastic osteoblasts and severely congested vessels. The cortical and
trabecular bane throughout were reduced to a thin lamina of osteoid surrounded by layers of
hyperplastic osteoblasts (Fig. 46). The epiphyseal plate was 2 to 3 times normal width and was
devoid of penetrating capillaries. The epiphyseal supporting processes of the spongiosa were

Terramin NASA Study

poorly developed (Fig. 50). The marrow cavity was absent and was largely replaced by a network
of osteoid tissue with the hematopoietic tissue severely decreased (Fig. 50). Moderate to severe
chondromatosis were noted adjacent to the fractured bone. The blood vessels were generally
enlarged and had a cavernous appearance. The periosteum was increased in thickness and
hyperplastic. In contrast to the above, rats fed the basal ration plus 4% clay supplement :°A" (diet
C4) had well developed bones with thick and mineralized cortical and trabecular bone (Fig. 47);
normal bone growth and modelling of the pongiosa bone and supporting epiphyseal processes (Fig.
51) and abundant hematopoietic tissue (Fig. 47). No spontaneous fractures were observed in any
of the rats in this group. A significant improvement in the appearance of the femur and tibia both
grossly and microscopically over that of rats fed the basal ration (diet CI) was also observed in
rats fed the basal ration plus 1% and 2% clay supplement "A" (diets C2 and C3 resp,) (Fig.48 and
52). The bones in the latter groups were not as well developed and modelled as that of rats fed
clay supplement at a 4% level (diet C4) and a number of rachitic changes were present in these
groups, particularly in rats fed the 1% clay supplement (diet C2). Spontaneous fractures were also
observed in a number of rats fed the 1% and 2% clay supplements. Rats fed the CaCO 3
supplement (diet C5) also showed a s i g n i f i c a n t improvement in the appearance of the femur and
tibia both grossly and microscopically (Fig 49 and 53) over that of rats fed the basal ration (diet Cl)
but were less well developed than those fed the 4% clay supplement (diet C4). No fractures were
observed in any of rats in this group. The bones of rats fed diet C5 were intermediate in
appearance between those of rats fed the 2% and 4% clay supplements (diets C3 and C4
respectively).
d. Comparative effects of calcium carbonate and graded levels of clay supplement "A"
on the increment in body weight and the microscopic appearance of the long bones of
immature male rats fed a purified, calcium-deficient ration c onta i ni ng

methionine-

supplemented soy protein as the source of dietary protein.
Fifty-four male rats of the Long-Evans strain averaging 41.9 grams in body weight (range 36 to
51 gm) were employed in the present experiment. Animals were divided into 5 groups, 4 of which
consisted of 12 animals each; the 5th group of 6 rats. One group of 12 rats was fed the
unsupplemented basal ration (diet Dl). Three additional groups of 12 rats each were fed the basal
ration supplemented with 1%, 2%, and 4% clay supplement "A" (diets D2, D3, and D4 respectively).
The 5th group was fed diet D5 which consisted of the above basal ration plus 3 gm. CaCO3 per kg. of
diet which was added in place of an equal amount of sucrose. This amount of CaCO3 contained the
same amount of calcium present in the clay supplement “A” encorporated in a kg. of diet C4.
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Animals were placed in metal cages with raised screen bottoms (3 rats per cage) and were
provided with test diets and distilled water ad libitum. The rats were weighed once weekly during
the course of the experiment. During the 5th week of feeding as was the case in rats fed diet Cl a
number of animals fed the unsupplemented basal ration (diet Dl) lost weight and during the
ensuing 2 weeks 6 of the 12 rats in this group died. The experiment was terminated after 7 weeks of
feeding, animals sacrificed, and histological sections of the hind legs prepared as described under
section a, experiment 1. Findings indicate that the ingestion of clay supplement "A" significantly
improved the weight increment and the microscopic appearance of the long bones of immature
male rats fed a purified, calcium-deficient ration containing methionine-supplemented soy protein as
the source of dietary protein. The increment in body weight was proportional to the level of clay
supplement fed. CaCO3 when fed at a level of 3 gm. per 1g. of diet promoted an increment in body
weight comparable to that obtained with 4% clay supplement "A". The average weight increments of
rats fed diets D1-D5 after 2, 4, 6, and 7 weeks of feeding are summarized in Table 8.
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Table 8
Comparative effects of calcium carbonate and graded levels of clay supplement "A" on the
increment in body weight of immature male rats fed a purified, calcium-deficient ration containing
methionine-supplemented soy protein as the source of dietary protein. The values in parenthesis
indicate the number of animals which survived and on which data are based when less than the
original number per group.

Dietary Group

No.
of
rats

Weeks of
Feeding
Basal ration
(diet D1)
Basal ration + 1%
clay supplement
“A”
(diet D2)
Basal ration + 2%
clay supplement
“A”
(diet D3)
Basal ration + 4%
clay supplement
“A”
(diet D4)
Basal ration +
3 gm CaCO3
per kg. of diet
(diet D5)

Initial Gain in body wt. after the
following weeks of feeding (gm.)
2
4
6
7
89.6
(11)

90.9
(10)

82.3
(6)

12

41.9 60.0

12

41.9 47.8 109.3 148.7 162.4

12

41.8 56.7 130.2 193.3 211.4

12

41.8 66.7 145.3 219.9 244.4

6

41.9 56.2 141.7 217.2 241.7

Histologically the bones of rats fed the basal ration (diet Dl) although rachitic were significantly
better developed than those of rats fed the purified basal ration (diet Cl). The cortical bone was
less porous; it was wider and more mineralized than that of rats on the latter diet (Fig. 54). The
epiphyseal plate was decreased in width and thickness and was supported by better formed
spongiosa bone (Fig. 57). The marrow contained more hematopoietic tissue and was less
congested (Fig. 54). Spontaneous fractures were observed however, in all rats fed the basal ration
(diet Dl). In general, rats fed the latter ration were comparable both grossly and in microscopic
appearance to those fed diet Al. Rats fed the basal ration plus 4% clay supplement "A" (diet D4)
were normal in appearance with well developed compact bone (Fig. 55 and 58). A significant
improvement in the appearance of the femur and tibia both grossly and microscopically over that of
rats fed the basal ration (diet Dl) was also observed in rats fed the basal ration plus 1% and 2%
clay supplement "A" (diets D2 and D3 respectively). The bone in the latter groups was not as well
developed and modelled, however, as that of rats fed clay supplement "A" at a 4% level (diet D4).
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Minimal rachitic changes were present in rats fed clay supplement "A" at a 1% level (diet D2) but not
at the 2% level of supplementation (diet D3). The hematopoietic tissue although well developed in
rats fed diets D2 and D3 compared to that of rats fed the unsupplemented ration (Dl) was less
abundant than that of rats fed the 4% clay supplement (diet D4). No spontaneous fractures were
observed in any of the rats fed clay supplement "A" at any level of feeding. Rats fed the CaCO3
supplement (diet D5) also showed a significant improvement in the appearance of the femur and
tibia both grossly and microscopically (Fig. 56 and 59) over that of rats fed the basal ration (diet Dl)
but were less well developed than those fed the 4% clay supplement (diet D4). No fractures were
observed in any of the rats fed diet D5. These animals were intermediate in appearance between
those fed the 2% and 4% clay supplements (diet D3 and D4, respectively).

Experiment No. 3: Comparative effects of clay sample "A" and other clay and soil samples on
the weight increment of immature male rats fed a low calcium, low protein, low fat, non-heatprocessed, wheat flour containing ration similar to diet 256 of McClure.
One hundred and four male rats of the Long-Evans strain were selected at an average boyly
weight of 44.2 gm (range 39 to 52 gm) and were divided into 13 comparable groups of & animals
each. One group was fed the unsupplemented basal ration (diet Al) ; the others were fed a similar
ration plus the various supplements indicated in Table S. The test supplements were incorporated
in the diets in place of an equal amount of aerelose. Animals were placed in metal cages with
raised screen bottoms and were provided the various diets and distilled water ad libitum. Rats were
weighed once weekly during the course of the experiment. Data were obtained on the average
weight increment of rats in the various groups over a 6 week period. Results are summarized in
Table 9.
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Table 9
Comparative effects of clay sample "A" and other clay and soil samples on the weight increment
of immature male rats fed a low calcium, low protein, low fat, non-heat-processed, wheat flourcontaining ration similar to diet 256 of McClure (8 animals per group).*

Dietary Group Initial Gain in body weight after the
Body
following weeks of feeding
wt.
(gm.).
gm.
2

4

6

44.6 22.8

48.5

62.0

44.0 34.6

74.1

109.6

44.0 30.0

68.4

101.1

44.1 26.7

63.7

96.2

44.0 28.8

63.4

95.6

44.0 29.0

60.0

90.9

51.1

72.5

44.6 27.8

63

96.1

44.4 24.4

47.5

84.7

2% ditch bank
44.0 22.8
dirt

43.8

44.2 21.8

46.3

62.2

44.1 21.2

41.0

57.8

44.2 22.4

46.5

63.8

Basal ration
(diet Al)
Basal ration +
following
supplements:
2% clay
supplement
2%"A"
clay
supplement
2%"B"
clay
supplement
2%"C"
clay
supplement
2%"D"
clay
supplement
2%"A"
clay
supplement
"F"
2% bentonite
2% kaolin

2% top soil
2% beach
sand
2% silica

44.0 23.9

67.8

*All clay samples employed in this experiment were ground to a particle size that passed
through a # 12 screen. Clay sample "A" was the same material used in experiments No. 1 and 2.
It was pinkish tan clay obtained from a deposit near Brawley, California. Clay sample "B" was a
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grayish-white clay obtained from the Coyote Mountain area 35 miles west of Brawley.

Clay

sample "C" was a brownish clay obtained approximately 200 yards east of clay sample "A". Clay
sample "D" was a tan colored clay obtained approximately 1/2 mile south of clay sample "A". Clay
sample "E" was a pinkish tan clay obtained approximately 3/4ths of a mile south east of clay sample
"A". Clay sample "F" was a pinkish tan clay obtained from an area approximately 5 miles south of
clay sample "A". The ditch bank dirt was obtained from an area near Brawley, California. The top
soil was obtained from grounds adjacent to the Institute for Biological Research at its former
location in Culver City, Calif. The beach sand was obtained from Santa Monica, California.
Findings indicate that the various clays differed significantly in growth-promoting activity. The
most active material tested was clay sample "A" which promoted a highly significant increment in
body weight over that obtained on the unsupplemented basal ration (diet A1) whereas clay sample
"F" and kaolin were virtually devoid of growth promoting activity. It is of interest that clay samples
"C", "D", and "E" which were obtained within one mile of the clay sample "A" deposit were
consistently less active than clay sample "A" in growth-promoting activity. No correlation was
observed between the color of the clay and its effect on the increment in body weight. Clay
sample "B” which was only slightly less active than clay sample "A" was grayish white in color in
contrast to the pinkish tan appearance of clay supplement "A". Furthermore, clay sample "F"
which had little if any growth-promoting activity was indistinguishable from clay sample "A" in
appearance. Bentonite had significant growth-promoting activity although less than clay
supplement "A". Silica and the ditch bank dirt, top soil and beach sand supplements were devoid of
activity.
Discussion
Findings indicate that clay supplement “A” when incorporated at levels of 1%, 2% and 4% of
the diet caused a highly significant increment in body weight and prevented the occurrence of
pathological changes in the long bones of immature hats, hamsters and mice fed a low calcium,
low protein, low fat, non-heat-processed, wheat flour containing ration similar to diet 256 of
McClure with effects proportional to the level of clay supplement fed. The protective effect of clay
supplement "A" was also observed on the microscopic and radiological appearance of the long
bones of miniature pigs fed rations similar to the above although in this species no growth
promoting effect was noted. Clay supplement "A" was also active in promoting growth and
preventing pathological changes in the long bones of rats fed (a) a low calcium, low protein, low
fat, rye flour-containing ration (b) a highly purified, calcium-deficient ration containing casein as
the source of dietary protein, and (c) a highly purified, calcium-deficient ration containing
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methionine-supplemented soy protein as the source of dietary protein. Findings indicate that the
protective effects of clay supplement "A" when fed with the wheat flour and rye flour-containing
rations were due in large part to some factor or factors other than its calcium content. This is
indicated by the fact that calcium when fed in the form of CaCO3 at the same level of calcium as
was provided by clay supplement "A" at a 4% level in the diet had no growth promoting activity
and was far less active than the 4% clay supplement in preventing the pathological changes which
occurred in the long bones of rats fed the unsupplemented wheat flour and rye flour-containing
rations. The beneficial effects of clay supplement "A" when fed with the purified, casein-containing
and soy protein-containing rations, however, were due in large part to its calcium content. This is
indicated by the fact that calcium when fed in the form of CaCO3 at the same level of calcium as
was provided by clay supplement "A" at a 4% level in the diet was only slightly less active than the
4% clay supplement in promoting increment in body weight although it was substantially less
active than the latter in promoting bone development in rats fed the purified casein-containing and
soy-protein-containing rations. The latter findings suggest either that the calcium in clay
supplement "A" is absorbed more efficiently than the calcium in CaCO3 or that clay supplement
"A" contains some factor or factors other than calcium which promotes improved calcium
utilization and/or bone formation. Further studies are indicated to determine the factor or factors in
clay supplement "A" responsible for its protective effects and the modus operandi involved.
Although clay sample "A" was the most active of the various clay samples tested in promoting a
weight increment in immature rats fed the low calcium, low protein, low fat, non-heat-processed
wheat flour-containing ration other clay samples were also active in this regard although some
were devoid of growth promoting activity. No correlation was observed between the color of the
clay and its effect on increment in body weight.
Present findings indicate that clay supplement "A" was active in preventing rachitic changes
and promoting bone development in several species of young growing animals. Further studies
are indicated to determine whether this supplement would also be active in prevent osteoporosis
in adult animals with normal skeletal development when placed on calcium-deficient and other
osteoporosis-inducing diets. Studies are warranted to determine the effects of clay supplement "A"
on calcium excretion and the occurrence and severity of osteoporosis in adult animals whose hind
limbs are immobilized in bivalved body casts. Normal osteoblastic activity depends to a large
measure upon the stresses of muscular contractions and weight-bearing compression forces (1418). The loss of these stimuli results in insufficient formation of bone matrix, inadequate deposition
of calcium salts and increased porosity of bone. The softened bone loses its strength and
resiliency and is subject to fractures. It would be of interest to determine whether clay supplement
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"A" which had significant activity in promoting osteoblastic activity, formation of bone matrix and
deposition of calcium salts in young animals fed calcium-deficient rations would also be active
under conditions where the stresses of muscular contractions and weight-bearing compression
forces are removed as would occur under plaster immobilization. Such studies might also be
pertinent to conditions of prolonged exposure to a sub-gravity or weightless state where an
increased calcium excretion is likely to occur. Since a high incidence of renal tract calculus
formation might also be anticipated under the latter conditions, it would be of interest to determine
whether clay supplement "A" would be active in preventing or minimizing the occurrence of renal
calculi under experimental conditions where the latter occur.
Summary
Studies were conducted on the effects of clay supplementation on the weight increment and
microscopic appearance of the long bones of immature male rats, hamsters, mice and miniature
pigs fed a low calcium, low protein, low fat, non-heat-processed, wheat flour-containing ration
similar to diet 256 of McClure. Findings indicate that the clay supplementation at levels of 1%, 2%
and 4% in the above diet caused a highly significant increment in body weight and prevented the
occurrence of pathological changes which were observed in the long bones of immature rats,
hamsters and mice fed the unsupplemented diet. Effects were proportional to the level of clay
supplement fed. The protective effect of the clay supplement was also observed on the
microscopic and radiological appearance of the long bones of.miniature pigs although in this
species no growth-promoting effect was noted. Clay supplementation at the above levels of
feeding was also active in promoting growth and preventing pathological changes in the long
bones of rats fed (a) a low calcium, low protein, low fat, rye flour-containing ration (b) a highly
purified calcium-deficient ration containing casein as the source of dietary protein, and (c) a highly
purified, calcium-deficient ration containing methionine-supplemented soy protein as the source of
dietary protein. Findings indicate that the protective effects of the clay supplement when fed with
the wheat flour and rye flour-containing rations were due in large part to some factor or factors
other than its calcium content. The beneficial effects of clay supplementation when fed with the
purified casein-containing and soy protein-containing rations, however, were due primarily to its
serving as a source of dietary calcium although evidence was obtained that the clay supplement
contained some factor or factors other than calcium which promoted improved calcium utilization
and/or bone formation. A number of clays were tested and found to differ significantly in growthpromoting activity.
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FOOTNOTES

1. Clay supplement "A" is a pinkish tan clay obtained from a deposit near Brawley, California. It is an
impure mixture of clays (or interlayered clay) in which halloysite predominates. Some montmorillonite is
also present. It contains no detectable organic matter or quartz sand. A chemical analysis of this material
indicated it has the following composition:

The authors are indebted to Mr. H. K. Hebbard of the Cal-Min Company, Brawley, California, for
providing the clay supplement "A" employed in the present investigation.
Obtained from Tumblebrook Farm, Inc., Brant Lake, N.Y.
The miniature pigs (Black Barrows) were obtained from the Hormel Institute, Austin, Minn.
They were approximately 10 weeks of age at the start of the experiment.
Obtained from General Biochemicals, Chagrin Falls, Ohio.
The calcium-free salt mixture had the following composition:
Ammonium phosphate, Monobasic
Copper Sulfate
Ferric Citrate
Manganous Sulfate

110.24 gm
0.39 gm
22.04 gm
0.20 gm
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Magnesium Sulfate
Potassium Aluminum Sulfate
Potassium Chloride
Potassium Dihydrogen Phosphate
Potassium Iodide
Sodium Chloride
Sodium Fluoride

90.00 gm
0.09 gm
120.00 gm
310.00 gm
0.05 gm
105.00 gm
0.57 gm

Preliminary studies indicate that the protective effects of clay supplement "A" when fed with
the wheat flour-containing ration were due in part to its sodium content. The addition of
Na2HPO4to the basal ration (diet Al) at a level of 1.4 gm. Per kg. of diet, an amount of
Na2HPO4which contained the same amount of sodium present in the 4% clay supplement per kg.
of diet A4, resulted in a significant weight increment over that obtained on the unsupplemented
basal ration (diet Al). After 8 weeks of feeding the average weight increment of immature rats fed
the Na2HPO4-containing diet was 169.0 gm in contrast to an average weight increment of 81.4
gm in rats fed the basal ration (diet Al). This was less, however, than the average weight
increment of 189.6 gm of rats fed the ration containing 4% clay supplement "A" (diet A4). The
growth-promoting effect of Na2HPO4 is in agreement with the recent report of Dodds and Law (19)
that diet 256 of McClure (which is similar to diet Al of the present investigation) is deficient in
sodium. Preliminary studies also indicated that rats fed the above Na2HPO4 supplement exhibited a
significant increase in the amount of hemotopoietic tissue and an improved appearance in respect to
the modeling and growth of spongiosa bone over that of rats fed the basal ration (diet A1). The
Na2HPO4 supplement had no effect, however on the thickness and mineralization of cortical or
trebacular bone in contrast to the marked protective effect of 4% clay supplement “A”.
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Afterward

Afterward
The author has written volume one to whet the appetite for those eager to explore effective
alternatives to allopathic medicine. It has been written to help empower the individual’s ability to
make the transition from a place of medical powerlessness to a place of self-empowered
exploration of vital health. It has been written to help open minds that might otherwise be closed
to something as strange as healing with the living earth, and it has been written to bridge the
lonely gap between the usually isolated worlds that exist among individual and small groups of
“clay disciples”.
However, more than anything, it has been written as a preamble to Volume II, which is still to
come: A modernization of effective natural and alternative medicine put forth in an open-ended
system for healing and supporting vital health. The next book will be a handbook of clay therapy
and natural medicine, and will be designed to teach people exactly how to use healing clays.
The success of this project is largely up to you, the reader. As long as there is a growing
interest in authentic research and information about using healing clays, I will endeavor to
diligently work to make the information available. As long as there is support for the book project,
I will work to serve this need, and I will work to be certain that the knowledge and experience
uncovered is evermore available to the people who may need it—free of charge. If this book has
impacted your life, please let the author know!
The place where an author must go to write a book is a very isolated place of being. As I write
these final words, I’m pleased at the thought of regaining my life back. The mental landscapes
that I’ve frequented during these last six months of writing have been fatiguing.
I would like to offer a personal thanks to my father for his willingness to proofread and edit,
and to my exceedingly lovely wife Tanya for mentally and emotionally offering her support and
guidance for the project. I would also like to thank my mother for her willingness to step into the
unknown and explore healing clays.
I would like to thank my eleven year old son Nicholas, a true clay disciple, for not only
tolerating his father slaving away at the computer during all hours of the day and night, but also for
being living proof of the profound healing properties of therapeutic clays.
Finally, I would like to thank master composers Chris Hinze (Zen and The Art Of Dance and
Meditation), Gerald Arend (Klangwelt’s Age of Numbers), Thomas Otten (Closer to the Silence)
and Michael Hoppe (Afterglow, with Martin Tillmann and TimWheater) for providing much of the
background music which helped keep me sane and focused during many long hours of writing.
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And as the crisp coolness of autumn gives way to the serene, slumberous tidings of winter, I
wish you only the best in your exploration and discovery of vital health and wellness with the help
of….
….Water, Earth and Sunshine!

- Jason R. Eaton, October 08, 2009
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