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+ 2 sd). None of the children on the autistic
spectrum had elevations of the other organic
acids associated with genetic diseases of
oxalate metabolism, indicating that oxalates are
high due to external sources.

(continued on page 3)

What are Oxalates?

Oxalate and its acid form oxalic acid are
organic acids that are primarily from three
sources: the diet, from fungus such as
Aspergillus and Penicillium and possibly
Candida (1-9), and also from human
metabolism (10).

Oxalic acid is the most acidic organic acid in
body fluids and is used commercially to
remove rust from car radiators. Antifreeze
(ethylene glycol) is toxic primarily because it
is converted to oxalate. Two different types
of genetic diseases are known in which
oxalates are high in the urine. The genetic
types of hyperoxalurias (type | and type II)
can be determined from the organic acid test
done at The Great Plains Laboratory (page 4-
5). Foods especially high in oxalates include
spinach, beets, chocolate, peanuts, wheat
bran, tea, cashews, pecans, almonds, berries,
and many others. Oxalates are not found in
meat or fish at significant concentrations.
Daily adult oxalate intake is usually 80-120
mg/d; it can range from 44-1000 mg/d in
individuals who eat a typical Western diet. A
complete list of high oxalate foods is
available on the Internet at
http://patienteduca-tion.upmc.com /Pdf/Low-
OxalateDiet.pdf.

(continued on page 2)
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Oxalate crystals from Aspergillus fungi viewed
by an electron microscope. Cobalt oxalate is on
the left, zinc oxalate on the right.

Oxalates in Autism

A brand new diet is being extensively used to
treat children with autism and other disorders.
Oxalate and its chemically similar form oxalic
acid are widely used in industry. A researcher
named Susan Owens discovered that the use
of a diet low in oxalates markedly reduced
symptoms in children with autism and PDD.
For example, a mother with a son with autism
reported that he became more focused and
calm, that he played better, that he walked
better, and had a reduction in leg and feet pain
after being on a low oxalate diet. Prior to the
low oxalate diet, her child could hardly walk
up the stairs. After the diet, he walked up the
stairs very easily. Many hundreds of children
with autism throughout the world are now
being placed on this diet with good results.

Figure 1. Comparison of urine oxalate values
of children with autism and normal children.
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36% of the children on the autistic
spectrum had values higher than 90
mmol/mol creatinine, the value
consistent with a diagnosis of a

genetic hyperoxaluria

Oxalates in the urine are much higher in
individuals with autism than in normal
children (Figure 1). As a matter of fact, 36%
of the children on the autistic spectrum had
values higher than 90 mmol/mol creatinine,
the value consistent with a diagnosis of
genetic hyperoxalurias while none of the
normal children had values this high. 84% of
the children on the autistic spectrum had
oxalate values outside the normal range (mean

Benefits reported by parents
using low oxalate diet

according to Susan Owens

Improvements in gross and fine
motor skills

Improvements in expressive
speech

Better counting ability
Better receptive and expressive
language
Increased imitation skills
Increased sociability
Speaking in longer sentences
Decreased rigidity
Better sleep
Reduced self-abusive behavior
Increased imaginary play
Improved cognition
Loss of bed wetting
Loss of frequent urination
Improved handwriting
Improved fine motor skills
Improvement in anemia

... and many others
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What are Oxalates?

(continued from page 1)

High oxalate in the urine and plasma was first
found in people who were susceptible to
kidney stones. Many kidney stones are
composed of calcium oxalate. Stones can
range in size from the diameter of a grain of
rice to the width of a golf ball. It is estimated
that 10% of males may have kidney stones
some time in their life. Because many kidney
stones contain calcium, some people with
kidney stones think they should avoid calcium
supplements.

However, the opposite is true. When calcium
is taken with foods that are high in oxalates,
oxalic acid in the intestine combines with
calcium to form insoluble calcium oxalate
crystals that are eliminated in the stool. This
form of oxalate cannot be absorbed into the
body. When calcium is low in the diet, oxalic
acid is soluble in the liquid portion of the
contents of the intestine (called chyme) and is
readily absorbed from the intestine into the
bloodstream. If oxalic acid is very high in the
blood being filtered by the kidney, it may
combine with calcium to form crystals that
may block urine flow and cause severe pain.

However, such crystals may also form in the
bones, joints, blood vessels, lungs, and even
the brain (10-13). In addition, oxalate crystals
in the bone may crowd out the bone marrow
cells, leading to anemia and immunosu-
ppression (13). In addition to autism and
kidney disease, individuals with fibromyalgia
and women with wvulvar pain (vulvodynia)
may suffer from the effects of excess oxalates
(14-16).

Oxalate crystals may cause damage to various
tissues. The sharp crystals may cause damage
due to their physical structure and may also
increase inflammation. Iron oxalate crystals
may also cause significant oxidative damage
and diminish iron stores needed for red blood
cell formation (10). Oxalates may also
function as chelating agents and may chelate
many toxic metals such as mercury and lead.
Unlike other chelating agents, oxalates trap
heavy metals in the tissues.

Many parents who told me of adverse vaccine
reactions of their children reported that their
child was on antibiotics at the time of
vaccination. Yeast overgrowth, commonly
associated with antibiotic usage, might lead to

|

increased oxalate production and increased
combination with mercury, slowing mercury
elimination if oxalates were so high that they
deposited in the bones with attached mercury.
It would be interesting to see if increased
elimination of heavy metals occurs after
oxalate elimination by antifungal therapy and
low oxalate diet. In addition, oxalates from the
diet or from yeast/fungus in the
gastrointestinal tract bind calcium,
magnesium, and zinc, perhaps leading to
deficiencies even when dietary sources should
be adequate.

How can high oxalates
be treated?

Use antifungal drugs to reduce yeast and
fungi that may be causing high oxalate.
Children with autism frequently require years
of antifungal treatment. | have noticed that
arabinose, a marker used for years for
yeast/fungal overgrowth on the organic acid
test at The Great Plains Laboratory, is
correlated with high amounts of oxalates
(Table 2 and Figure 2) and arabinose has
been found to be an important fuel for fungal
oxalate production (5). Candida organisms
have been found surrounding oxalate stones
in the kidney (9).

Give supplements of calcium citrate to
reduce oxalate absorption from the intestine.
Citrate is the preferred calcium form to
reduce oxalate because citrate also inhibits
oxalate absorption from the intestinal tract.
The best way to administer calcium citrate
would be to give it with each meal. Children
over the age of 2 need about 1000 mg of
calcium per day. Of course, calcium
supplementation may need to be increased if
the child is on a milk-free diet. The most
serious error in adopting the gluten-free,
casein-free diet is the failure to adequately
supplement with calcium.

Try N-Acetyl glucosamine to stimulate the
production of the intercellular cement
hyaluronic acid to reduce pain caused by
oxalates (17).

Give chondroitin sulfate to prevent the
formation of calcium oxalate crystals (18).

Vitamin B6 is a cofactor for one of the
enzymes that degrade oxalate in the body
and has been shown to reduce oxalate
production (19).

Increase water intake to help to eliminate
oxalates.

Excessive fats in the diet may cause
elevated oxalate if the fatty acids are poorly
absorbed because of bile salt deficiency.
Nonabsorbed free fatty acids hind calcium to
form insoluble soaps, reducing calcium
ability to bind oxalate and reduce oxalate
absorption (20). If taurine is low in the
plasma amino acid profile, supplementation
with taurine may help stimulate bile salt
production (taurocholic acid), leading to
better fatty acid absorption and diminished
oxalate absorption.
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Probiotics may be very helpful in degrading
oxalates in the intestine. Individuals with low
amounts of oxalate-degrading bacteria are
much more susceptible to kidney stones
(21). Both Lactobacillus acidophilus and
Bifidobacterium lactis have enzymes that
degrade oxalates (22).

Increase intake of essential omega-3 fatty
acids, commonly found in fish oil and cod
liver oil, which reduces oxalate problems
(23). High amounts of the omega-6 fatty
acid, arachidonic acid, are associated with
increased oxalate problems (24). Meat from
grain fed animals is high in arachidonic acid.

Take supplements of vitamin E, selenium,
and arginine which have been shown to
reduce oxalate damage (25, 26).

Table 2. Correlation between different
organic acids in urine of children on the
autistic spectrum.

n=100
Compounds Correlation
compared Coefficient “r”
Oxalate, arabinose 0.597
Oxalate, Vitamin C 0.000

(continued on page 3)
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How can high oxalates
be treated?

(continued from page 2)

Undertake a low oxalate diet. This may be
especially important if the individual has had
Candida for long periods of time and there is
high tissue oxalate buildup. There may be an
initial bad reaction lasting several days to a
week after starting the diet since oxalates
deposited in the bones may begin to be
eliminated as oxalates in the diet are reduced.

Evaluate vitamin C intake. Vitamin C can break
down to form oxalates. However, in adults, the
amount of oxalate formed did not increase until
the amount exceeded 4 g of vitamin C per day
(27). A large study of more than 85,000 women
found no relation betwen vitamin C intake and
kidney stones (28). In addition, an evaluation of
100 children on the autistic spectrum at The
Great Plains Laboratory revealed that there was
nearly zero correlation between vitamin C and
oxalates in the urine (Table 2). Megadoses
(more than 100 mg/Kg body weight per day) of
vitamin C were shown to markedly reduce
autistic symptoms in a double blind placebo
controlled study (29) so any restriction of
vitamin C needs to be carefully weighed against
its significant benefits. A very important factor
that accelerates vitamin C breakdown to
oxalate is the amount of free copper in the
blood which can be determined in the advanced
metallothionein profile (AMP) or the copper/zinc
profile of The Great Plains Laboratory.
(references are on page 7)
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Oxalates metabolism

In the genetic disease hyperoxaluria type | and
in vitamin B-6 deficiency, there is a deficiency
in the enzyme activity of alanine glyoxylate
amino transferase (AGT), leading to the
accumulation of glyoxylic acid. The high
glyoxylic acid can then be converted to
glycolate by the enzyme GRHPR or to oxalate
by the enzyme LDH. Thus, glycolate,
glyoxylate, and oxalate are the metabolites
that are then elevated in the organic acid test
in hyperoxaluria type | and in vitamin B-6
deficiency.

In the genetic disease hyperoxaluria type II,
there is a deficiency in an enzyme (GRHPR)
that has two biochemical activities:
glyoxylate reductase and hydroxypyruvic
reductase. This enzyme converts glyoxylate to
glycolate and glycerate to hydroxypyruvate.
When this enzyme is deficient, glycerate
cannot be converted to hydroxypy-ruvate and
glyoxylate cannot be converted to glycolate. In
this disease, glyoxylate is increasingly
converted to oxalate and glycerate is also very
elevated.

External sources of oxalates include ethylene
glycol, the main component of antifreeze.
Antifreeze is toxic mainly because of the
oxalates formed from it. In addition, some
foods also contain small amounts of ethylene
glycol. Vitamin C (ascorbic acid or ascorbate)
can be coverted to oxalates but apparently the
biochemical conversion system is saturated at
low levels of vitamin C so that no additional
oxalate is formed until very large doses (grea-

ter than 4 g per day) are consumed. It is
interesting that fungi can also produce vitamin
C which may explain why many children with
autism have high vitamin C even though they
do not take supplements containing vitamin C.
The high correlation between arabinose and
oxalates indicate that intestinal yeast/fungal
overgrowth is likely the main cause for
elevated oxalates in the autistic spectrum
population. The deposition of oxalates in
critical tissues such as brain and blood vessels,
the oxidative damage caused by oxalate salts,
and the deposition of oxalate mercury
complexes in the tissues may all be important
factors in the core etiology of autism.
(references are on page 7)

Oxalates in Autism

(continued from page 1)

As shown in the table below, both mean and
median values for urine oxalates are
substantially higher in autism compared to the
normal population. As a matter of fact the
mean oxalate value of 90.1 mmol/mol
creatinine is equal to the lower cutoff value for
the genetic hyperoxalurias. The median value
in autism is six times the normal median value
and the mean value in autism is five times the
normal mean value.

i Normal urine | Autistic Spectrum
Statistic oxalate urine oxalate
Mean 15.7 90.1
Median 115 70.5
Std dev 10.8 75.8
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Oxalate Interconversions

Oxalate, monobasic
COOH COOH
| ‘ pK 1.27
COOH COO-
Oxalic -
Acid pK 4.26
-
COO-
- Ca++
—Zn++
T~Hg++
COO-
O_xala_te,
dibasic
When oxalates are tested, they are all converted
to the same form before testing so they may be
termed oxalates, oxalate, or oxalic acid.

Oxalic acid undergoes many conversions
depending on the acidity of the environment in
which it is present. The acidity of a water
solution is usually indicated by a value called
the pH. A very low pH like 0 or 1 indicates a
very acidic solution while a pH of 13 or 14
would represent a very alkaline solution. A pH
of 7 indicates a condition of neutrality. Blood
has a pH of 7.4 which is very slightly alkaline.
The pH of urine varies between 4.5 to 8 with
an average of 6. Oxalic acid can lose a
positively charged hydrogen ion or proton at a
very low pH. The first pK value for oxalic
acid (1.27) indicates the pH in which there are
equal amounts of oxalic acid and its form
missing a proton called monobasic oxalate. At
a higher pH, the monobasic oxalate converts
to a dibasic oxalate form with 2 negative
charges. The second pK value for oxalate
(4.28) indicates the pH at which there are
equal values of monobasic and dibasic
oxalates. At the pH of blood, which is
extremely constant, virtually all oxalate is in
the dibasic form. Because the pH of urine
varies greatly, oxalate is mainly in the dibasic
form in average urine while it is in both the
monobasic and dibasic form in very acidic
urine samples. When oxalates are tested, they
are all converted to the same form before
testing so they may be termed oxalates,
oxalate, or oxalic acid.

[ —

Insolubility is key factor

In oxalate toxicity

Solubility of oxalate at body temperature is
only approximately 5 mg/L at a pH of 7.0. The
solubility of oxalic acid in water, in contrast,
is approximately 106,000 mg/L. Thus, the
oxalate form of oxalic acid is extremely
insoluble. At most physiological pH values,
oxalate salts are predominant. Oxalate has the
ability to form salts with a wide variety of
metals but each of these salts has a different
solubility. A yardstick for measuring
solubilities of different salts is called the
solubility product constant or Ksp. The
smaller the value of the Ksp, the greater the
insolubility of a salt. Another way to express
this is that the lower the Ksp, the greater the
tendency of that salt to form insoluble crystals
that may form in tissues. The table below lists
the Ksp salts of oxalic acid in their order of
solubility with the most insoluble salts listed
at the top.

What is the importance of these solubility
product numbers?

First, the Ksp for calcium oxalate indicates
that whenever the product of the concentration
of calcium and oxalate concentrations in blood
exceeds the Ksp, calcium oxalate crystals may
form and deposit in the tissues. Since the
calcium concentration in blood hardly varies
because of homeostatic mechanisms, it is the
oxalate concentration in blood, that varies
widely, that determines whether or not
calcium oxalate crystals form and deposit in
the tissues. Zinc oxalate also has a very small
Ksp so that if oxalates are present in high
quantities in the intestinal tract, most of the
zinc oxalate formed will not be absorbed
because it is highly insoluble.

Second, mercury oxalate had the lowest Ksp
of any oxalate salt that | could find. If an
individual is exposed to inorganic mercury
and has high oxalates in the blood or tissues,
insoluble mercury oxalates may form in the
blood and tissues that are unable to be
eliminated.

The mercury used in vaccines as a
preservative is an organic form that is
converted to inorganic mercury. If an
individual who is vaccinated is on antibiotics
or was on antibiotics in the past, they may
have extensive yeast/fungal overgrowth of the
intestinal tract, They would absorb significant
amounts of oxalates from these organisms that
would trap mercury in the tissues and prevent
its elimination. Many parents who talked with
me indicated that their children had bad
vaccine reactions while on antibiotics at the
time of vaccination.

Third, magnesium oxalates are much more
soluble than calcium oxalates. Thus, if
magnesium  supplements are given by
themselves, oxalates from food or yeast/fungal
sources that combine with magnesium are
much more likely to be absorbed than calcium
oxalates. However, transdermal magnesium or
magnesium from Epsom salts baths that enters
the blood and tissues through the skin might
help to dissolve calcium or mercury oxalate
crystals that had already formed in the blood
or tissues.

Solubility products (Ksp)
for different oxalate salts

Salt Ksp
Mercury | 1.75 X10™
Lead 86 X107
Copper I 44 X10™
Zinc 1.4 X10°
Cadmium 1.42 X 10°
Calcium 1.5 X 10°
Magnesium 85 X 10°

For those of you who don’t remember
or never understood exponential
numbers, the larger the number in the
negative exponent the smaller the
numerical value. Mercury oxalate, the
most insoluble oxalate on the top of the
list, is about 100,000 times less soluble
than calcium oxalate, near the bottom
of the list. Magnesium oxalate, at the
bottom of the list, is about 600 times
more soluble than calcium oxalate.
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Testing for Oxalates

The most convenient way of testing oxalates is by
the organic acid test (OAT) of The Great Plains
Laboratory.

The organic acid test checks for the presence of :

Oxalic acid (oxalates) -Tests for all forms of oxalic
acid and its salts or conjugate bases, oxalates

Arabinose - Important Candida indicator which
strongly correlates with oxalates

Glycolic acid (glycolate) - Indicator of genetic
disease of oxalate metabolism called Hyperoxaluria
type | due to a deficiency in the enzyme activity of
alanine glyoxylate amino transferase (AGT).

Glyceric acid (glycerate) - Indicator of genetic
disease of oxalate metabolism called Hyperoxaluria
type Il due to a deficiency in an enzyme (GRHPR)
that has two hiochemical activities: glyoxylate
reductase (GR) and hydroxypyruvic reductase
(HPR).

Ascorbic acid (ascorbate, vitamin C)-Indicates
nutritional intake of vitamin C and/or excessive
destruction. Vitamin C can be excessively
converted to oxalates when free copper is very
high. Evaluate further with copper/zinc profile from
The Great Plains Laboratory.

Pyridoxic acid - Indicator of vitamin B-6 intake.
The enzyme activity alanine glyoxylate amino
transferase (AGT) requires vitamin B-6 to eliminate
glyoxylic acid or glyoxylate, a major source of
excess oxalates.

Furandicarboxylic acid, hydroxy-methylfuroic
acid - Markers for fungi such as Aspergillus
infection, one of the proven sources of oxalates

Bacteria markers - A high amount of bacterial
markers may indicate low values of beneficial
bacteria such as Lactobacilli species that have the
ability to destroy oxalates.

Interpretation
of Oxalate Results

Compounds that
Disorder are abnormal
(mmol/mol creatinine)

Hyperoxaluria type | Oxalic >90
Genetic disorder Glycolic >100
Hyperoxaluria type Il Oxalic >90
Genetic disorder Glyceric >150
Nutritional Oxalic >37
Hyperoxaluria Arabinose =47
Yeast dysbiosis Oxalic >37
Hyperoxaluria Arabinose >47

[ —

Starches

- fig cookies

- fruit cake

- graham crackers

- grits, white corn

- kamut

- marmalade

- soybean crackers*
- wheat germ*

Fruits or juices
- blackberries

- blueberries

- red currants

- dewberries

- figs, dried

- grapes, purple
- gooseberries

- kiwi

- lemon peel*

- lime peel*

- orange peel

- raspberries

- rhubarb*

- strawberries

- tangerines

Dairy
- chocolate milk

The foods below contain more than 7 mg oxalate per serving. Foods marked with a * have
extremely high amounts of oxalates and should be completely eliminated. A complete list is
available onthe Internetat: http;//patienteducation.upmc.com/Pdf/LowOxalateDiet.pdf

Vegetables

- beans, green

- beans, baked in
tomato sauce

- beets (tops, roots,
greens)

- celery

- chives

- collards

- dandelion

- eggplant

- escarole

- kale

- leeks™

- mustard greens

- okra*

- parsley

- parsnips

- peppers, green

- pokeweed*

- rutabagas

- sorrel

- spinach*

- summer squash

- sweet potatoes*

- Swiss chard*

- tomato soup

- vegetable soup

- watercress

- yams

Nuts, seeds

- almonds

- cashews

- green beans, waxed
and dried

- peanut butter*

- peanuts®

- pecans*

- sesame seeds

- sunflower seeds

- soy protein*

- tofu (soybean curd)*

- walnuts

Condiments

- cinnamon, ground

- parsley, raw*

- pepper, > 1 tsp/day*
- ginger

- Soy sauce

Miscellaneous
- beer

- cocoa

- chocolate*

- coffee, instant*
- tea*
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