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Abstract

Children presenting with Autistic Spec-
trum Disorder have challenged medical
science, yet prolific research has not answered
the cause, appropriate testing or treatment of
these patients. To determine the etiology of
children with autistic features we investigated
metabolic aberrations through profiling blood
chemistry, organic and amino acids, and red
cell membrane fatty acids. Our findings of
the red cell membrane analysis of 50 subjects
reveal characteristic elevation of the very long
chain fatty acids (VLCFAs) above C22 as
Nervonic (C24:1w9), Lignoceric (C24:0),
Docosa-pentaenoic (C22:5w3) and Docosa-
hexaenoic (C22:6w3) indicating peroxisomal
involvement. Peroxisomal disorders are char-
acterized by an accumulation in tissue and
body fluids of metabolites that normally are
degraded in the peroxisome including satu-
rated and unsaturated VLCFAs and the
branched chain fatty acids, pristanic and
Pphytanic. Peroxisomes are pivotal in the
biotransformation of endogenous compounds
in lipid metabolism as fatty acids, steroids,
prostaglandins, the formation of myelin
impacting the immune, endocrine and cen-
tral nervous systems in addition to the de-
toxification of exogenous compounds and
xenobiotics. The accumulation of VLCFAs are
indicative of defects in peroxisomal f$-oxida-
tion which may explain the deleterious effects
to the brain, endocrine and immune systems
and hepatic cytochrome P450 derangement
characteristic in autistic spectrum disorder.

Introduction

Profound neurodegenerative condi-
tions observed in autistic spectrum disor-
der (ASD) with or without seizures in

1. Bio Body Centre, Five Osprey Dr., Millville, NJ 08332
2. Carbon Based, P.O Box 809, Millville, NJ 08332

pediatric patients can be attenuated with
metabolic intervention if unique aberra-
tions in red cell fatty acid analysis are care-
fully profiled through a medical data man-
agement system and attenuated specific to
unique fatty acid disturbance. Our theoreti-
cal model suggests that because children
with ASD present with a wide variation of
soft signs of metabolic derangement, many
aspects of an individual’s biochemistry
must be evaluated and metabolically
modeled. Our interpretation of findings
are based on this metabolic model with
the evaluation of energy generation and
transfer in the forefront due to the aber-
rant findings in our study participants
which can be traced to a secondary method
of energy generation riveted within altered
fatty acid metabolism ultimately impact-
ing the peroxisomal organelles.

A new frontier in medicine has awak-
ened in the exploration of three dimen-
sional metabolics through red cell fatty acid
analysis opening a therapeutic window in
time—a two month view—into cell mem-
brane dynamics. The bilipid layer surround-
ing every cell and organelle is far more than
a protective shield; it is the very essence
of life, with vibrant electrical activity pro-
viding gates in and out-a bewildering ar-
ray of receptors for opening and closing the
bilipid layer for ingress and egress-a daz-
zling assembly of signaling devices that lit-
erally control and signal all activities of
membrane traffic inside and out. Red cell
fatty analysis leads the clinician into a wide
realm of metabolic strategies to influence
the health of the patient. Lipids evolve into
hormones, immune components, leuko-
trienes, prostaglandins, cytokines, and
myelin-there is virtually no system of the
body that does not require attenuation of
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specific fatty acid substrates and
coenzymes to maintain health and repair
of body tissues. The turmoil over which
specific lipid substrates to administer for
therapeutic application to fulfill individual
need has always been a loaded question
that has led physicians to an awkward gun-
shot approach (just add flax oil to the diet)
that has often failed us therapeutically. It
is prudent that the specific essential fatty
acid needs of patients be addressed in a
scientific manner so that favorable clinical
outcomes might be reached.

Clinical application of research data of-
ten has left physicians frustrated on timely
introduction of new testing methods and
metabolic support directly to patients. Chil-
dren with ASD present an even greater frus-
tration due to the complexity of their illness.
Clinical lab results are redefined through
Carbon Based computation of raw data of-
fering the physician metabolic strategies
that may be applied immediately. In the case
of two year old Alex, his parents were gravely
concerned over their child’s diagnosis of au-
tism. His parents and doctor were interested
in biochemical intervention, but were un-
sure how to assess the disturbed metabo-
lism and immune insufficiency. We sug-
gested initial labs of a Chemistry Panel-28
including a CO2, Complete Blood Count with
differential, and a Red Cell Membrane Fatty
Acid Analysis from Kennedy Krieger Institute
Peroxisomal Diseases Lab. Alex’s red cell
membrane fatty acid test results revealed stri-
dent elevation of Docosapentaenoic w3,
Docosahexaenoic, Lignoceric, Arachidonic
and Nervonic acids (Table 1, p. 209). Alex’s
blood chemistry was also sharply altered
(view Alex’s complete blood chemistry before
and after nutrient therapy Table 2, p. 210,
Table 3, p. 211) with derangement in his
hematology, mineral balance, nitrogen reten-
tion, electrolyte and immune parameters.
Alex’s parents and doctor were able to begin
immediate administration of appropriate
nutrient therapy and directed nutriture with
receipt of Alex’s lab results run through the
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Carbon Based system. The child required
substantial digestive support, mineral reple-
tion, oral electrolytes, cofactors, and targeted
lipids. Within three months of metabolic in-
tervention Alex had made remarkable strides
in speech (absence of speech to 48 words),
eye contact, appropriate play, social interac-
tion and gross motor skills. Eight months of
targeted nutrient support through blood
chemistry and lipid evaluation yielded com-
plete cessation of autistic features (see com-
parison report Table 4, p. 212).

Methods

Collection of data involved the aquisition
of pertinent blood and urine specimens for
analysis of blood chemistry, hematology, or-
ganic acids, amino acids and red cell mem-
brane fatty acids along with complete medi-
cal records and an extensive 35 page ques-
tionnaire of the child’s history including
pictures and video footage of child’s develop-
mental delay and medical condition. Blood
chemistry and hematology specimens were
sent to LabCorp in Reno, Nevada, Urine and
plasma organic acids and amino acids (mass
spectrometry) to Saint Louis University Meta-
bolic Screening Lab, and RBC fatty acid analy-
sis (gas chromatography) to Kennedy Krieger
Institute Peroxisomal Diseases Laboratory in
Baltimore, Maryland. In depth computational
data analysis and graphical representation
from Carbon Based Corporation in Incline
Village, Nevada was utilized to evaluate bio-
chemical laboratory results and metabolic
interactions of individual patients, a com-
parative model of the chemistries, drug in-
teractions, and disease patterns. This nexus
of modern computational technique with raw
data potentiates an exceptional scientific tool
enabling medical data to be more fully
utilized.

Results

Elongation of very long chain fatty
acids in red blood cells as Nervonic (C24:1
w9) and Lignoceric (C24:0) acids indicative
of peroxisomal involvement was the most
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Table 1. Red cell fatty acid membrane analysis of Alex’s blood lipids profile.

Basic Status Report

CHILD WITH AUTISM  Male ! Age: 3 Fatty Acid Red Cell Membrane Date: 1/4/97

Patient 1D: (3373) Practitioner: Dr. Patricia Kane (0)

The % Status is the weighled deviation of the laboratary result.

B 0 o = 0 % Status Resull Low
16DMA -60.00 L 1.00 1.02
18:0 DMA -50.00 L m am
18:1DMA -30.49 L 0.30 0,44
Adrenic C22:4w6 -T812 L 193 138
Alpha Linolenic C18:3w3  -26.57 L 0.1z 0,03
Arachidic C20:0 -38.89 L 0,24 0,32
Arachidonic C20:4wE 21302 H Lr T F 2
Behenic C22:0 2,38 1.38 0,54
Capric C10:0 0.00 ooe O
Caproleic C10:1 5000 H 0.0t 0,00
Caprylic CB.0 0.00 ogn O
Dihomo-y Lino, C20:3wh 5000 L 1,08 1.05
Dimorphecolic C18:2w3t 5000 L 800, 000
Docosahexa. C22:6w3 B4.05 H 6.03 29
Dumq:ﬂrt.l. C22:5w3 50.00 H 240 158
Docosapenta. C22:5wE -161.36 L 0.04 a.53
Eicosadienoic C20:2w6 41.67 L ] 020
Eicosanoic C20: 1wl 0,00 0.08 0.03
Eicosapenta. C20:5w3 3621 L 0.36 0,28
Elaldic C18: 1wt -50.00 L oo a.00
Erucic C22:1w8 -100.00 L 0.03 004
Gamma Linclenic C18:3wé 6111 L 0.0z 004
Gondioc C20: 1w 833 0.18 o
Heneicosanoic C21:0 -12.50 004 a0t
Heptadecanaic C17:0 -14.29 032 o3
Hexacosanolc C26:0 2T L 610 0.43
Lauric C12:0 0.00 042 0.00
Lignoceric C24:0 109.46 H AN 28
Linoleic C18:2w6 _ 6006 L sn 101
Linolelaldic C18:2wet S0.00 L o0 000
Lumequic C26:1 50.00 H o4 008
Mead C20:3wd 50.00 H o141 0.07
Myristic C14:0 -38.89 L LR 0.15
Myristoleic C14:1w5 5833 H 620 0.07
Nervonic C24:1wd 31.07 H BT 33
Nonadecanoic C19:0 =30.00 L .04 042
Oleic C18:1w3 4353 L 000 1023
Palmitelaidic C16: w7t -25.00 L o.07 a.02
Palmitic C16:0 -15.08 1628 1554
Palmitolel: C16:Tw7 -3.33 038 025
Pentacosanoic G250 -20,00 oo 0.03
Pentadecanoic C15:0 3333 L o.07 0,06
Phytanic 50.00 H £.08 0.00
Pristanic 3000 L pey o0
Stearic C18:0 3667 H 1458 1388
Transvaccenic Ci8:1wTt -T6.60 L 018 0.43
Tricosanalc C23:0 50.00 H a2 0.20
Tridecanalc C13:0 100.00 H 003 000
Undecanoic C11:0 -50.00 L 0.00 0.00
Vaccenic C18:1wT -26.92 L 085 0.8
Total Status Deviation 54.89
Total Status Skew -4.58

Copyright {z) 1984, 1985, 1996 Carbon Based Corporatian
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Table 2. Alex’s autism. Initial blood chemistry of Alex, age 2, before targeted nutrient therapy.

Basic Status Report

Alex's Autism  Male / Age: 2 Blood Test Date: B/29/95
Patient ID-:05821 (2) Practftioner. Dr. Patricia Kane (0}
Thee % Status is the weighted deviation of the laboratory result.

0 50 [ B % Status Rasult Low Hiigh|
AMG Ratio 962 1.87 1,40 2.4
Albumin 2857 H 4.50 40 480
Alkaline Phosphatase -15.35 18300 6000 41800
Anion Gap B9.00 H 17.80 00 14,00
B.UN. £4.29 L (1] BO0 X200
B.LU_M./{Creatinine Ratio -263 185,00 .00 2500
Basophil Count -50.00 L 0.00 0.00 20000
Basophils -50.00 L 0.00 0.00 a0
Bilirubin, Total -13.64 0.50 a1 1.20
Calcium 66.6T H 10.50 .40 1020
Calcium/Phosphorus Ratio -24.48 1.81 1.30 330
Chiloride -12.50 102,00 2800 11200
Cholestercd -23.33 152,00 12000 4000
co2 423 L .00 2000 X300/
Creatinine 61.11 L 040 0.50 1.40)
Eosinophil Count -30.00 L 14000 5000 80000
Eosinophils -16.67 2,00 0.00 00
GGT <4545 L 800 T.00 51.00
Globiuln -18.75 2.40 1.80 .50
Glucose -10.00 200  BOO0 11500
Hematocrit -58.00 L 3620 700 47.00
Hamoglobin =27.50 L 1280 12.00 1600
Iran, Total -42.14 L 41.00 000 ATOO0
LDH TO.00 H 4200 S000 000
Lympheocyte Count 2825 L 175000  BOCLDD  4BO0.O0
Lymphocytes -3T.50 L 28,00 2000 8000
MCH 2747 L m.38 27.00 00
MCHC 4088 H 64 32.00 .00
Mo -AT7.33 L THLBE TEO0 10000
Meonocyte Count B.18 MOO0 20000 130000
Monocytes B333 H 1200 0.00 §.00
Newtrophd Count -10.16 AZTO00  1B00.00  BODO.OO
Neutrophils 1364 51.00 40,00 T30
Phosphorus 4333 H 580 .00 600
Polassium 18.42 480 .80 5 5
Pratein, Total -8.08 690 6.00 820
RB.C -20.83 4.55 420 540
SGOT 5203 H 46.00 1200 4500
BGPT -12.50 0.00 2.00 0,00
Sodium -40.00 L 1300 13500 14800
Sodium/Potassium Ratio -3537 L e 26,00 3800
Triglycerides -26.80 L 54,00 000 250,00
Uric Acid 4123 L .00 250 LF.
W.B.C. =20.00 T.00 4.00 14050
Total Status Deviation 33.80
Total Status Skew -8.56

Copryright [c) 1954, 1855, 1908 Carbon Based Comporation
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Table 3. Alex’s autism resolved. Post treatment blood chemistry of Alex, age 3, after

targeted nutrient therapy.

Basic Status Report

ALEX'S AUTISM RESOLVED  Male / Age: 3
Patient ID:05621 (2) Request: 10862320

Blood Test Date: 5/5/97
Practitionar: Dr, Patricia Kane (0)

The % Status is the weighted deviation of the laboratory resull

400 0 0 5 100 % Status Rasull Low Highl
I AIG Rabio 0.77 1.78 1.10 240
e | Alburrin 21.43 440 1,40 4.80
| | Alkaline Phosphatase 15.48 200 500 40000
Anion Gap 6600 H 1560 400 14.00
| | B.UN. -14.28 1200 B00 22 00
| B.U.M./Creatinine Ratio B9.4T H 3250 LX) 25.00
| Basophil Count -23.50 53.00 000 200.00
K] Basophila -16.67 1.00 000 1.00
1 Bdirubin, Total 5,56 0.50 0.00 0.50
e Calcium 3333 H 080 840 1020
| Calcium/Phosphorus Ratio  -29.66 L 1.7 13 3130
| 1| Chioride -12.50 0200 eEO0 11200
| Chol/HOL Ratio -12.00 280 100 6.00)
[T Chalesterol 2083 20500 12000 240,
coz2 -26.82 L 21.00 20.00 3
Creatinine -25.00 L 040 0.20 1.00
Eosinophil Count -38.80 L 108.00  50.00 55000
| | Ensinophils -16.67 2.00 0.00 £.00
GGT 4081 L 11.00 700 5100
| Glabulin -12.50 2.50 100 150
| u Glucose -11.82 8100 8000 11500
| HOL -13.16 70.00 3500 13000
. Hematocrit 24.00 4040 3300 4300
Hemoglobin 2.00 1380 1250 1500
:: Iron, Total -2867 L TEOD 4600 19600
LDH -37.00 L MEO0 2NN 42000
1-—-_- LDL 4265 H 12800 Ez00 13000
£l Lymphocyte Count -8.05 24300 BOO.0O  4B0O.00
i Lymphocyles .33 A0 000 BO.00)
[ MCH 6,44 261 2700 3300
MCHC 3.96 M8 200 36.00
] MCV 8695 H BeT0  TROD  BAl
| | Maonocyle Count -18.22 ATT.O0 20000 1100
[T oS 18.23 9.00 oo 13
| Mautrophil Count 4313 L zzos00 180000 000.00]
L Meutrophils -10.00 4200 W00 6000
e Phosphorus 4429 H 5.80 250 8.00
Potassium 283 4,80 180 5.50
jE | Protein, Total 13,64 £.80 5.50 7.70,
RB.C. -4.00 L] 420 5.20
r_ SGOT 53.03 H A800 1200 45
S5GPT -14.58 16,00 200 5000
- Sodium 4000 L 13800 13500 14500
B Sodium/Potassium Rato -20.29 2057 2600 300
| Trighycerides -20.00 5000 2000 8900
Uric: Acid -5.11 LR 1] .00 700
= W.B.C. AT27 L 530 500 1R
-25% 25% Total Status Deviation 24.01
Total Status Skew -1.51

Copryright [c) 18954, 1894, 1868 Carbon Based Corporation
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Table 4. Comparison report of blood profile of Alex before and after targeted nutrient
therapy. The arrow’s length is proportional to change. Left is increased; right is decreased;
White is an improvement; black is a decline.

Comparison Report
Alex's Autism  Male / Age: 3 Blood Test Date: 5/5/97
Patient 1D:05621 (2) Request: 10962320 Praclilioner: Dr. Palricia Kane (0)
The arrow's length is proportional to change. Lefi fo right is increase. Right to left is decrease,
White is mprovemeant. Black is decline.

H- Status % on: B/29/85 EELCL
077 <= 92 + AG Ratio B.62 0.77
Albumin 28.57T H 21.43
Alkaling Phosphatase -15.35 1548 |
BE.00 ——— 88.00 + Anion Gap B8.00 H 6600 H
T —————— k] + BUN 64.29 L -1428
DED — 2 AT = B.U.N./Creatinine Ratio -2.63 BO47T H
B0 — 13N + Basophil Count -50.00 L -23.50
B0.00 ————> -16.67 + Basophils -50.00 L -16.67
384 > 556 + Bilirubin, Tolal -13.64 5.56
3333 ———— a7 + Calcium BBET H 3333 H
Calcium/Phosphorus Ratio 24 .48 29.66 L
Chioride -12.50 -12.50
Cholesterct -23.33 20.83
4231 > 2682 + CO2 4231 L -26.92 L
£ > 25.00 + Creatininge 111 L -25.00 L
<38.80 4 30,00 Eosinophil Count -30.00 L -38.80 L
Eosinophils -16.67 -16.67 |
GGT 4545 L 4081 L
Globulin -18.75 -12.50
Glucose -10.00 -11.82
SI00 /" MW + Hemalocrit -58.00 L 24.00
2780 ——> 100 +  Hemoglobin =27.50 L 2.00 |
4204 == 2867 + Iron, Total 4214 L 2887 L |
EE———— T ] + LDH T0.00 H 3700 L |
Er T — T +  Lymphocyte Count -26.25 L -8.05
780 ——— 3313 + Lymphocytes -37.50 L 333
STAT =— A + MCH 2747 L .44
1] + MCHC 40.88 H ags |
AT.3) w— 0855 = MCV 4733 L 6695 H
AGED dmm B8 = Monocyte Counl B.18 -18.22
192 e 1N + Monocyles 8333 H 18.23 |
4313 J— 010 = Neutrophil Count -10.16 4313 L |
Meutrophils 13.64 -10.00 |
Phosphorus 4333 H 4428 H|
263 <— 1842 + Potassium 18.42 2.63
Protein, Total -8.08 13.64
2083 > 400 + RBC -20.83 400 |
SGOT 5303 H 5303 H)
SGPT -12.50 -14.58 |
Sodium 40,00 L 4000 L
3537 > -20.29 + Sodium/Potassium Ratio -3537 L -20.20
Trighycerides -26.80 L -20.00
4y D 571 + Uric Acid 4123 L -6.71
ATIT d— - 00 - WBC -20.00 4727 L
Total Status Deviation 33.80 24.01
Total Status Skew -8.96 -1.51

Copryright {c) 1984, 1985, 1998 Carbon Based Corporation
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prominent and consistent feature in every
subject tested, with 39 out of 50 subjects
also exhibiting elevation of Docosa-
pentaenoic (C22:5w3) and Docosa-hexa-
enoic (C22:6w3), in 41 of 50 subjects Ara-
chidonic (C20:4w6) and 20 of 50 subjects el-
evation of Eicosapentaenoic (C20:5w3). De-
pression of fatty acids in red blood cells
included 30 out of 50 subjects (primarily
subjects with profound autistic features)
with supression of Eicosapen-taenoic
(C20:5w3) and 50 out of 50 subjects with
suppression of Gamma Linolenic (C18:3w6)
and Dihomogamma Linolenic (C20:3w6).

Treatment

Subjects with elevation of VLCFAs re-
quired detailed manipulation of their indi-
vidual biochemistry to address fully the
buildup of VLCFAs. Children with autistic
spectrum disorder were approached ini-
tially with stabilization of membrane traf-
fic through examination of their serum
electrolytes and subsequent administra-
tion of an oral balanced hypertonic elec-
trolyte solution in enteral or oral feeds.
Marked disruption in ionic homeostasis
pH, anion gap, cellular osmolarity, and the
decline of electrolyte gradients across the
cell membrane was observed as these pa-
tients have grave difficulty balancing the
dynamic process of their chemical buffer-
ing systems to maintain a constant
serum pH. Often there was involvement of
all three systems: Carbonic acid-Bicarbo-
nate buffering; Phosphate buffering; and
Protein buffering systems. Children with
intractable seizure disorders, autistic syn-
dromes and brain injury have improved
cognitively when receiving individualized
IV electrolyte solutions during hospitaliza-
tion for illness (as observed by Kane)
whereby positive outcomes also were
achieved with balanced 9 mEq oral electro-
lyte solutions. Metabolic intervention also
was directed towards lipid manipulation by
competitive inhibition,' inclusion of the
lignan sesamin® and curcumin® with low
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CHO diet to suppress insulin®® and block
delta 5 desaturase synthesis, the administra-
tion of co-enzymes such as potassium per-
manganate, riboflavin-5-phosphate,” sele-
nium and hormones as dehydroepia-
ndrosterone,"” pregnenolone,”*** and thy-
roid' to stimulate beta-oxidation, nutri-
tional adjuncts to stabilize lipids in the cell
membrane'’? such as ginger, oral balanced
electrolytes and alteration of the diet to in-
crease nutrient density, avoidance of
VLCFAs in food intake, and supplementa-
tion of depressed fatty acids® (determined
from red cell testing) such as evening
primrose o0il”” to address suppression of
GLA/DGLA and long chain fatty alcohols to
stimulate plasmalogen synthesis.?*

Conclusions

Derangement of lipid metabolism pri-
marily of peroxisomal {3-oxidation was ob-
served in children with seizure disorders,*
autism,* ASD with enlarged neurons,* and
hypoxic brain damage® with sharp eleva-
tion of VLCFAs with elevation of
Lignoceric, Nervonic, Docosahexanoic, and
depression of Hexacosanoic. Conversely,
boys with X-Linked Adrenoleukodystrophy
exhibit elevation of serum and red cell
Lignoceric and Hexacosanoic acids® with
depression of Docosahexaenoic*' and
Nervonic acids.” Peroxisomal disorders are
characterized by an accumulation in tissue
and body fluids of metabolites that nor-
mally are degraded in the peroxisome in-
cluding saturated and unsaturated
VLCFA,* %! branched chain fatty acids,
pipecolic, phytanic and pristanic acids, and
bile acid intermediates dihydroxy- and
trihydroxycoprostanic acid, (DHCA and
THCA respectively). Peroxisomal disorders
with a clinical onset of four years of age
may present as behavioral changes, intel-
lectual deterioration, and visual impair-
ment. Accumulation of VLCFAs* are asso-
ciated with a deficiency of the fatty acyl-
CoA oxidase (AOX), the enzyme that ca-
talyses the first step in {3-oxidation. A pre-
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requisite for 3-oxidation is the activa-
tion of fatty acids to their Co-A deriva-
tives.** Peroxisomes and mitochondria
degrade saturated and unsaturated fatty
acids via similar reactions with the same
acyl-CoA intermediates formed, but there
are distinct differences between the two
systems.*** Very long chain acyl-CoA syn-
thetase activity is present in the endoplas-
mic reticulum and proposed to be in the
peroxisomes, but not in the mitochon-
dria.*”** Long chain fatty acids are prefer-
entially oxidized in the mitochondria, %
but VLCFAs are oxidized predominantly, if
not exclusively in some tissues by
peroxisomes.”*” Compared to long chain
fatty acids (in mitochondria), the VLCFAs
are only slowly oxidized by isolated
peroxisomes. VLCFAs enter the peroxi-
some® and are shortened to long chain
fatty acids, transferred back to the mito-
chondria,” then further oxidized in mito-
chondria, esterified in the endoplasmic re-
ticulum or perhaps partly in the peroxi-
some itself. The accumulation of VLCFA
may constitute a minor part of overall fatty
acids, but peroxisome deficiency disorders
are deleterious to the brain and CNS.%¢
Autism and seizure disorders may
mimic pseudo-neonatal adreno-leukodys-
trophy®® as a peroxisomal disorder with
enlarged peroxisomes®*' and a specific de-
ficiency of acyl-CoA oxidase.®** Pero-
xisomes, present in virtually all cells, but
most prevalent in the liver and kidney play
a critical role of cellular lipid metabolism
in the biosynthesis of fatty acids via 3-oxi-
dation®* involving physiologically impor-
tant substrates for VLCFA, dicarboxylic
fatty acids, prostaglandins, thromboxanes,
leukotrienes, pristanic acid, DHCA, THCA,
and xenobiotics.”*” Children with autistic
spectrum disorder often present with com-
plex xenobiotics involving disturbances in
the cytochrome p450 superfamily which
parallels disturbances in peroxisomal func-
tion.”* The cytochrome p450s are respon-
sible for the biotransformation of endog-
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enous compounds including fatty acids,
steroids, prostaglandins, leukotrienes and
vitamins as well as the detoxification of ex-
ogenous compounds resulting in substan-
tial alterations of p450s as xenobiotics
may turn off or greatly reduce the expres-
sion of constitutive isoenzymes. The over-
zealous administration of tocopherols may
actually worsen the condition of autism as
vitamin E is a potent antioxidant that
supresses beta-oxidation of the very long
chain fatty acids.

Elevation of Docosahexaenoic acid
(DHA)®% in red cell fatty acid analysis
found in many of our subjects with autis-
tic spectrum disorder may involve the cy-
tochrome p450 enzyme Nitric Oxide Syn-
thase (NOS) and Nitric Oxide (NO) forma-
tion in that supplementation of DHA aug-
ments NO generation.* Nitric oxide inhib-
its beta oxidation of lipids and thereby
stimulates the buildup of VLCFAs. Nitric
oxide is the smallest biologic product of
human cells, critically involved in the
modulation of cerebral blood flow, blood
pressure, electrolytic balance, platelet ad-
hesion, hormonal release, insulin secretion,
synaptic plasticity, immunity, neurotrans-
mission, neuromodulation, gastrointestinal
and hepatic function.

Cerebral injury or hypoxia mediates an
excess of the neurotransmitter glutamate
which acts at the NMDA subtype receptor
to open Ca2+ channels creating an increase
in NO release with inducible NOS activity
(there are three isoforms of NOS, inducible
NOS is Ca dependent) detected in immune
cells within the brain and elevation of
c¢GMP levels.*” The synthesis of NO by neu-
rons has finite regulation and NO's reac-
tions vary widely with pH. Nitric oxide has
a high affinity for hemoglobin and NO is
rapidly inactivated by binding to
hemoglobin in that its physiological actions
remain localized to the site of its genera-
tion and its actions are in general rapidly
terminated. This phenomenon may explain
why many subjects in our study exhibited
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sharp elevation of hemoglobin, iron and
RBCs yet presented with a “china doll com-
plexion” (aptly described by Carl Pfeiffer).
Nitric oxide activity can be prolonged by
forming nitrothiols with serum albumin®
acting as an NO carrier. Thus the consist-
ent sharp elevation of albumin in our sub-
jects may be understood in that nitrothiols
may act as a store, prolonging the ac-
tions of released NO or as an additional
“biological sink” for NO which regulates the
concentration of free NO. While Arachi-
donic acid induces cyclo-oxygenase (COX)
activity, nitric oxide specifically inhibits
COX-2. As nitric oxide binds to heme, thera-
peutic modalities may be applied to reach
COX-2 expression whereby expression of
COX-2 may dictate the balance between TH1
and and TH2 cells presently being investi-
gated in ASD.

Eicosapentaenoic acid (EPA) down-
regulates tumor necrosis factor having pro-
found immunomodulatory properties. Per-
haps the pivotal issue as to why children with
pervasive developmental delay and autism
do not respond appropriately to administra-
tion of marine oils is that they are unable to
beta oxidize DHA into EPA or convert EPA
into series three prostaglandins.

Our findings indicate that the electro-
lyte disturbances (primarily involving eleva-
tion of calcium with depression of carbon
dioxide, elevation or suppression of sodium
and potassium), altered hematology, com-
promised nitrogen status (low creatinine, el-
evated albumin) and elevation of red cell fatty
acids Docosa-hexaenoic, Docosapentaenoic
w3, Arachidonic, Nervonic and Lignoceric
may serve as crucial markers in neurodegen-
erative conditions leading to clarification of
the etiology of autistic syndromes and com-
plex seizure disorders by approaching
metabolic derangement through targeted
lipids, long chain fatty alcohols, pregne-
nolone (only after appropriate lipid thera-
pies have been administered), oral electro-
lytes, coenzymes (vitamins and minerals as
cofactors), and dietary manipulation

215

(elemental dietary measures). Autism is a
systemic disorder that has plagued yet in-
trigued us for decades. To unravel autism
inspires us to view medical disorders and
disease from both a microcosmic and mac-
rocosmic biochemical perspective. By cap-
turing cell membrane dynamics we now
have an individualized, targeted therapeu-
tic approach to ease the entropy of dis-
turbed metabolism.
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