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Abstract: Backgrounds and Objectives: Inherited aberrant peroxisomal assembly results in a group of

neurological diseases termed peroxisomal biogenesis disorders (PBD), where brain fatty acids homeostasis

is disturbed. Being a major component of membrane phospholipids in brain and retina, docosahexaenoic

acid (DHA) is profoundly reduced in tissues of patients with PBD. The aim of this work was to study

the role of DHA supplementation in patients with peroxisomal biogenesis disorders. Also, to evaluate the

effect of correcting DHA deficiency on the psychological development, vision, brain demyelination, liver

and kidney functions. Subjects and methods: The study included 14 patients with PBD, 7 patients with

adult adrenoleukodystrophy (ALD) and 11 controls. Their ages ranged from 9 months to 13 years. They

were subjected to full clinical examination, pedigree analysis and biochemical investigations including:

plasma very long chain fatty acids (VLCFAs) and DHA evaluation by GC/MS in addition to liver and

kidney functions. Magnetic resonance imaging (MRI) examination of the brain, electro encephalogram

(EEG) and visual evoked potential (VEP) were done before and after DHA therapy. All individuals were

treated with DHA, at daily doses of 100-500 mg, according to age of the child, for 9 months. Treatment

had been accompanied by a nutritious diet, based on recommended dietary allowances (RDA) for age, in

order to provide all necessary nutrients. Neuropsychological evaluation was done to assess five

psychological abilities (language, visual perception, memory, attention and construction abilities) before

and after the therapy; and a global neuropsychological impairment score was developed. Results: PBD

patients showed improvement of vision, social contact, hypotonia and feeding difficulties. The

developmental curve began to accelerate and the muscular tone improved. The VEP improved in 57.1%

of PBD patients and normalized in 21.4%. The EEG improved in 71.4% and the MRI improved in 42.8%

of PBD patients. After 9 months of DHA treatment, the plasma levels and ratios of VLCFAs decreased

and the DHA levels increased in PBD patients. This change was statistically significant in NALD group.

On MRI examination, a remarkable improvement was noticed in the youngest patients with PBD. The

effect of DHA therapy on liver and kidney functions was beneficial, but minimal among the PBD patients.

In contrast, patients with adult ALD showed no clinical, neurophysiological or neuropsychological

improvement and little biochemical response to DHA therapy. Conclusion: The results suggest a

fundamental role of DHA in amelioration of symptoms in patients with PBD, especially in the Zellweger

syndrome spectrum patients. Therefore, early DHA therapy is highly recommended in peroxisomal

biogenesis disorders.
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INTRODUCTION

Docosahexaenoic  acid  (22:6n3; DHA) is an

essential  polyunsaturated  fatty  acid  (PUFA),  which

is an integral component of the neural membrane

phospholipids and photoreceptor cells of retina.

Accordingly, DHA must be transported into the brain

from plasma. The amount of DHA in the brain

increases dramatically  before  birth  and  during

brain  growth, with increase in the relative DHA

levels . Docosahexaenoic acid deficiency has been[8]

documented with  various neurological disorders

including peroxisomal disorders . Although the[3 ,4]

molecular mechanism of DHA involvement in the

disorders remains unknown, the supplement of DHA in

the diet restores gene expression, modulates

neurotransmission and improves signal transduction

processes associated with these diseases .[3 ,8]

Peroxisomes are intracellular organelles ranging in
size from 0.1 – 1 micron in diameter; and their number
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ranges from a few hundreds to a few thousands in
mammalian cells . Genetic disorders of peroxisomes[30]

are divided into two large categories: (i) The
peroxisome biogenesis disorders (PBD) and (ii) the
single peroxisomal (enzyme-) protein deficiencies e.g.
adult linked adrenoleukodystrophy . Defects in PEX[18 ,32]

genes impair peroxisome assembly and multiple
metabolic pathways confined to this organelle, thus
providing the biochemical and molecular bases of
PBD .[24]

The peroxisome biogenesis disorders are divided
into two types: Zellweger syndrome spectrum
(accounting for 80% of PBD patients) and rhizomelic
chondrodysplasia punctata (RCDP). The Zellweger
syndrome spectrum (ZSS) represents a clinical
continuum, with Zellweger syndrome having the most
severe phenotype and neonatal adrenoleukodystrophy
and infantile Refsum disease having progressively
milder phenotypes . Twelve PEX genes are known to[20]

be associated with ZSS, although mutations in PEX-1
gene are the most common cause . In contrast RCDP[5]

is associated with defects in PEX-7 gene alone.
Typical ZSS patients have facial dysmorphism,

developmental delay, neurological symptoms, ocular
abnormalities, hepatomegaly, sensorineural hearing loss
and less frequent renal cysts and adrenal cortex
atrophy . RCDP is genetically heterogeneous and[6 ,22]

skeletal involvement distinguishes patients with RCDP
from those with ZSS. There is rhizomelia in most
RCDP cases, with shortening and prominent calcific
stippling mainly at the knee, hip, elbow and shoulder.
The skeletal abnormalities result in limited range of
movement of large joints . Additionally, RCDP[21]

patients have dysmorphic facies, psychomotor delay,
neurological symptoms, eye abnormalities and about a
quarter of them develop ichthyotic skin rash .[31]

The biochemical tests for screening patients with
peroxisomal  disorders  center  largely  on the defects
in β- and α -oxidation of fatty acids and plasmalogen
synthesis . Very long chain fatty acids are exclusively[11]

oxidized in peroxisomes and their levels are
significantly increased in tissues of patients with
peroxisomal disorders . Studies have shown that[9]

analysis of plasma VLCFAs is a very reliable test with
unequivocal results for diagnosis of peroxisomal
disorders. The increased plasma levels of VLCFAs
especially C26 and C26 / C22 ratio is pathognomonic
for PBD and adult ALD .[26]

The DHA deficiency has been documented with
peroxisomal  disorders  especially in PBD. Also it has
been suggested  that DHA deficiency may be an
important cause of the neurological and visual
involvement in these patients . In a previous study,[16]

we found that the elevated levels in the plasma
VLCFAs was accompanied with a decrease in
docosahexanoic acid (DHA; C22:6n-3) level in the
blood of these patients . Thus, by knowing the[1]

fundamental effect of DHA in neuronal and retinal
membranes, we have assayed the possible therapeutic
effects of DHA in patients with peroxisomal disorders.

Subjects and methods: In this study, the biochemical
quantification of VLCFAs verified the diagnosis of
peroxisomal disorders in 21 clinically suspected
patients (14 males & 7 females). Their ages ranged
from 9 months to  13  years  old.  PBD  was
diagnosed  in   14 patients (9 patients with NALD, 3
patients with infantile Refsum, 1 patient with Zellweger
syndrome and 1 patient with RCDP). The rest of the
patients (7 cases) had adult ALD. The control group
consisted of 11 healthy children matching age and sex.
The patients were subjected to complete clinical
examination, neuropsychological investigations,
biochemical assessments and neuropsychological
evaluation. Then all patients were given DHA at a
daily dose of 100-500 mg accompanied by diet rich in
other polyunsaturated fatty acids, according to their age
and weight for at least 9 months. The treatment was
monitored clinically by re-examination of growth,
motor, neurological, visual and social development
( e v e r y  m o n t h ) .  B o t h ,  b i o c h e m i c a l  a n d
neurophysiological re-evaluations were done every three
months. Brain MRI scan and electroencephalogram
were repeated after 6-months and 9 months of
treatment.

The following were done to all patients before and
after treatment:

I-Complete Clinical evaluation included full
clinical history, clinical examination to document the
neurological and developmental milestones and to be
able to follow up signs of clinical improvement. A
three generations pedigree analysis was done with
special emphasis on parental consanguinity and
sim ilar ly  affec ted  m em b ers  in  the fam ily.
Anthropometric measures were compared to normal
matching controls using standard deviation score (SDS).

II- Neurophysiological investigations:

C Magnetic Resonance Imaging (MRI) of the brain.
C Complete eye evaluation, including visual evoked

potential (VEP).
C Electro- encephalogram examination (EEC)

III- Biochemical assessments:

C Liver function tests including serum liver enzymes:
alanine aminotransferase (ALT ), asparta te
aminotransferase (AST), alkaline phosphatase
(ALP) and total bilirubin. (T.bil). 

C Kidney function tests including serum urea and

creatinine.

Both liver and kidney functions were determined

using commercial kits (Boehringer, Mannheim,

Germany) adapted to an Olympus autoanalyzer 400

(Japan).

C Determination of very long chain fatty acids

(VLCFAs): was carried out by the method of

Takemoto et al., . The procedure included two[26]

steps:   1-    Specific    methylation   of   plasma
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non-esterified fatty acids in a one-step reaction to

prepare free methyl esters (FFAMEs). 50µl of
p en tadecanoic  acid  (50µg/ml)  and  50 µ l

heptacosanoic acid (40µg/ml) solution was added
as internal standards. 2-100 µl of the final

derivatized aliquot with 300 µl n-hexane was
injected into GC/ MS in the spitless mode. In this

analysis, a capillary gas-chromatograph system
(Walnut Creek, California, USA) equipped with

Finnigan mat ssq7000 (Thermo Inst, USA) mass-
spectroscopy and an autosampler/ autoinjector was

used. The capillary column was a fused Silica DB-
5 one (30 m x 0.25 mm d) with a 0.25 µm film

thickness of 5% phenyl methyl silicone (J & W,
Scientific, USA). Initial temperature was 100°C,

initial time was 4 min, 100, 225 and 230°C for 6,
10 and 10 minutes. Detector temperature was

300°C with holding for 10 minutes. The flow rate
of the helium carrier was 1.3 ml/ min. Mass

spectrometry acquisition of each substance was set
to the selected-ion monitoring (SIM) mode.

III- Neuropsychological evaluation: This was applied

to all patients, proved to have peroxisomal disorders.
The evaluation was performed according to Shapiro and

co workers , to assess five behavioral abilities:[23]

Language, Visual perception, Memory, Attention and

Visual-motor or constructional abilities. Psychological
testing included the  Wechsler   Intelligence   Scale 

for   children ;   the[33]

Wechsler preschool and primary Scale of Intelligence[34]

and the Bayley Scale of Infant Development . These[2]

tests vary with age and all have been used previously

in assessment of Egyptian children. The patient
performance in each of the five domains assigned a

graded score from zero (normal) to two (totally
impaired). These scores were summed over all five

abilities to obtain the global neuropsychological
impairment score. A score of zero indicates normal

function while ten indicates maximal impairments .[19]

IV-Statistical analysis of the results was
performed using version 10 SPSS / PC computer

programs (SPSS Inc. Chicago). Simple t- test and
analysis of variance (ANOVA) for comparison of

means and simple correlation was done according to
Hirsh and Riegl . All reported P- values were two-[7]

tailed, value <0.05 was considered significant.

RESULTS AND DISCUSSIONS

Table (1) summarizes the clinical and
neurophysiological findings of the studied patients

before & after 9 months of supplying the patients with
DHA and diet therapy. Most patients with PBS showed

clinical improvement of muscle tone, vision, social
interaction and feeding difficulties. Also, developmental

curve began to accelerate. The VEP improved in 57.1%
(8/14) and normalized  in  21.4%  (3/14)  of PBD

patients. The EEG

Table 1: Summary of clinical and neurophysiological findings before& after DHA therapy.

Age at start Clinical status

Diagnosis of therapy Pre-therapy Post-therapy Post-therapy VEP Post-therapy EEG Post-therapy M RI

PBD ZSS Neonatal 10 months Hypotonia, visual Improvement of Normalized in 2 Improved in 6 pts M yelin Improved

ALD (N=9) to 3 ½ yrs disturbances, feeding vision, hpotonia, pts & improved in  in 3 pts

difficulties, seizues, feeding difficulties 4 pts

developmental delay. and developmental 

curve began to 

accelerate 

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Infantile 6 months- Hypotonia, feeding Improvement of Normalized in 1 Improved in M yelin 

Refsum  (N=3) 1 ½  yrs difficulties, seizures feeding, hypotonia and improved the 3 pts. improved in the 

and seizures. in 2 pt 2 pts.

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Zellweger 9 m onths Severe hypotonia, Improved vision, Improved Improved Improved

(N=1) Poor vision,Repeated M oderate hypotonia,

seizures, Neck Support

Developmental & and Bottle feeding

Psychological delay Improved global 

development

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

 RCDP (N=1) 10 months Rhizomelia, cataract, No change Improved No change No change

epiphyseal stippling, 

joint contracure, 

developmental delay.

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Adult ALD (N=7) 13 yrs Deteriorate school No change No change No change No change

performance, visual 

disturbance, seizures, 

spasticity.

ALD= Adrenoleukodystrophy; RCDP = Rhizomelic Chondrodysplasia Punctata; 

PBD = Peroxisome Biogenesis Disorders; ZSS = Zellweger Syndrome Spectrum



Res. J. Medicine & Med. Sci., 2(1): 5-13, 2007

8

Table 2: Plasma level of VLCFAs in the studied groups before and after DHA treatment.

C26:0 µg/ml C26:0/C22:0 C24:0/C22:0 22:6n3 µg/ml

M ean± SD M ean± SD M ean± SD M ean± SD

-------------------------------- ----------------------------------- ---------------------------------- ------------------------------------

Diagnosis before after P before after P before after P before after P

PBD ZSS Neonatal 

ALD (N=9) 3.09±1.63 1.61±0.86 0.01 1.99±1.22 0.516±0.15 0.002 1.44±0.69 0.66±0.32 0.007 2.25±0.99 3.17±1.2 0.001

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Infantile 2.53±1.84 1.6±1.2 1.99±1.2 1.5±0.7 2.28±1.44 1.8±0.9 1.27±1.53 1.06±0.9

Refsum (N=3)

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Zellweger 4.1 1.1 2.31 0.52 2.29 0.56 1.77 2.15

(N=1)

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

RCDP (N=1) 1.12 1.01 1.2 0.97 0.85 0.75 0.93 1.03

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Adult  ALD (N=7) 3.51±0.61 3.44±0.19 0.24 2.07±036 1.91±0.344 0.12 2.8±0.5 2.7±0.55 0.399 1.63±0.64 1.84±0.40 0.179

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Norm al  Levels 0.33 ±0.91 0.1 ±0.02 0.1 ± 0.02 6.6 ±9.5

(Controls; N = 11)

ALD =Adrenoleukodystrophy        RCDP =Rhizomelic Chondrodysplasia Punctata         PBD = Peroxisom e Biogenesis Disorders

P is significant if P < .05                   ns = non significant                                                       ZSS = Zellweger Syndrom e

Spectrum

2Fig. 1(a): T  W axial cut of a 3y old patent with
NALD showing prominent subdural space
prominent sulci and sylvian fissures
indicating cortical atrophic changes.

Fig.  1(b): MRI of the same patient at the same level

2after treatment. T  W axial cut showing
prominent reduction in subdural space, sulci
and sylvian fissure indicating improvement
of cortical changes. 

improved in 71.4% (10/14) and the MRI improved in
42.8% (6/14) of the PDB patients (Figs 1 & 2). Patient
with ZSS showed improvement in various clinical and
neurophysiological parameters, while RCDP patient
showed improvement only in VEP. In contrast, patients
with adult ALD showed no improvement.

Table (2) shows the plasma levels, before and after
DHA therapy, of the followings: plasma mean level
and standard deviation (± SD) of VLCFAs (C26:0 and
C22:6n3)  and  important ratios (C26:0/ C22:0 and
C24:0/ 

2Fig. 2(a): T  flair axial cut showing high signal of
white matter specifically around occipital
horn.

Fig. 2(b): MRI of the same patient at the same level

2after treatment. T  flair axial cut showing
reduced signal of white matter indicating
improvement of myelination.

C22:0)  among  the studied groups and the controls.
Before  DHA  treatment,  there  was increased mean
level of C26:0 and ratios among all studied groups of
peroxisomal disorders, more than the control group.
The DHA (C22:6n3) plasma level was higher in control
group as compared to all peroxisomal disorder groups.
After 9 months of the DHA treatment, the mean level
of C26:0 and ratios, decreased and the level of DHA
increased in patients with PBD. Patients with adult
ALD showed little change in their levels and ratios in
response to DHA therapy  (Figs.  3  &  4).  The
difference among groups of
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Fig. 3: levels of fatty acids before and after treatment in the different groups of peroxisomal disorders and in
controls; (1: Neonatal adrenoleukodystrophy, 2: Infantile Refsum; 3: Zellweger syndrome; 4: Rhizomelic
Chondrodysplasia Punctata;   5 : Adult Adrenoleukodystrophy; 6: controls).

Fig. 4: Proportion of different fatty acids before and after treatment in Neonatal Adrenoleukodystrophy.

patients as regard VLCFA concentrations and ratios

was tested by analysis of variance (ANOVA). Results

revealed statistically significant difference in NALD

patients compared to controls as regard to C26:0 /

C22:0 and C24:0/ C22:0 ratios and DHA level (P < 0.

05). 

Table (3) shows the mean and ± SD of liver

functions: alanine aminotransferase (ALT), aspartate

aminotransferase (AST), Alkaline phosphatase (ALP),

total bilirubin (T.bil) and kidney functions: urea and

creatinine in the serum of the studied groups and

controls. Before DHA treatment, there were elevated

mean liver enzymes levels in both PBD group and

adult ALD group. After the DHA treatment, the

parameters measuring liver and kidney functions

improved among the PBD patients, but were

statistically non significant and did not reach the

control levels.

Table (4) shows the neuropsychological measures

before and after DHA treatment. There was an

improvement in visual perception and attention scores

in NALD and infantile Refsum groups, while there was

improvement in all ZSS patients in visual perception

and global improvement scores. No change was found

in the RCDP, or in the adult ALD patients.

Peroxisome biogenesis disorders are a group of

genetically heterogeneous metabolic diseases. Knowing

the biochemical disturbances in this disorder have

stimulated attempts to correct some of these

disturbances aiming to improve the developmental

outcome and survival of these patients. Several studies

have explored the effect of supplementing DHA, due

its important role in membrane integrity and because its

levels are markedly reduced in tissues and plasma of

PBD patients .[13 ,14 ,15 ,17]

In this study 14 patients diagnosed as PBD and 7

patients diagnosed as adult ALD, were given DHA at

a daily dose of 100-500 mg for nine months. They

were 14 males and 7 females, which denote higher

male affection, due to the X-linked recessive

inheritance in adult ALD. Parental  consanguinity  was

present in 70.8 % of patients,
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Table 3: Serum levels of liver and kidney functions in the studied groups before and after DHA treatment.

Liver functions Kidney functions

------------------------------------------------------------------------------------------ -----------------------------------------------------

ALT(U/L) AST(U/L) ALP(U/L) T.bil(mg/dl) Urea(mg/dl) Creatinin(mg/dl)

M ean±SD M ean±SD M ean±SD M ean± SD M ean± SD M ean±SD

------------------- ------------------- ---------------------- ---------------------- ----------------------- ---------------------------

Diagnosis before after P before after P before After P before After P before After P before After P

PBD ZSS Neonatal 35.8 27.3 61.4 35.3 203 199 0.37 0.24 25.3 24.6 0.40 0.20

ALD (N=9) ±50 ±15 ns ±71.5 ±20 ns ±152 ±50 ns +0.1 ±0.22 ns ±9.26 ±5.6 ns ±0.12 ±0.2 ns

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Infantile 40.6 25.4 12.3 11 165 160 0.41 0.2 18.4 16.5 0.25 0.15

Refsum (N=3) ±21 ±9.3 ±5.5 ±10 ±20 ±10 +0.09 ±0.01 ±2.5 ±2 ±0.1 ±0.1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Zellweger 13.6 12.5 27.3 26 174.6 170 0.32 0.2 15.6 11 0.5 0.35

(N=1)

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

RCDP (N=1) 16 15 19 20 110 99 0.40 0.33 28 24 0.5 0.45

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Adult ALD  (N=7) 55.3 50.6 100 96.5 190 180 0.45 0.32 21 20 0 . 4 1

0.35

±70 ±35 ns ±40.5 ±32 ns ±20.9 ±10 ns +0.15 ±0.1 ns ±2.0 ±3.5 ns ±0.04 ±0.3 ns

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Normal levels 

(Controls; N = 11) 12.3 ±2.5 16.4 ±1.5 85 ±12.2 0.1 ±0.01 21 ±3.9 0.12 ±0.02

ALD =Adrenoleukodystrophy          RCDP =Rhizomelic Chondrodysplasia Punctata              PBD = Peroxisom e Biogenesis Disorders

P is significant if P < .05                    ns = non significant                                                           ZSS = Zellweger

Syndrome Spectrum

Table 4: Neuropsychological Measures before and after DHA treatment.

Visual Construction Global

Language Perception M emory abilities Attention impairment score

--------------------- ------------------- --------------------- -------------------- --------------------- -----------------------

Before After Before After Before After Before After Before After Before After

Diagnosis therapy therapy therapy therapy therapy therapy therapy therapy therapy therapy therapy therapy

PBD ZSS Neonatal ALD 1.8 ±0.7 1.6±0.5 1.6±0.5 1.0±0.4 1.3±0.4 1.0±0.2 1.6±0.5 1.1±0.6 1.9±0.7 1.6±0.2 6.7±1.7 6.0±1.1

(N=9)

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Infantile 2.0±0.2 2.0±0.1 2.0±0.5 1.6±0.5 1.6±0.5 1.6±0.5 2.0±0.0 1.0±0.8 1.3±0.7 1.0±0.6 7.6±0.5 6.5±1.3

Refsum (N =3)

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Zellweger 2.0 1.0 1.0 1.0 1.0 1.0 2.0 1.0 1.0 1.0 7.0 5.0

syndrome (N =1)

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

RCDP (N=1) 0.0 0.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 4.0 4.0

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Adult ALD (N=7) 1.2±0.7 1.1±0.3 1.7±0.5 1.5±0.7 1.7±0.6 1.6±0.5 1.4±0.4 1.8±0.3 0.7±0.4 1.6±0.5 5.3±0.7 6.0±0.8

Psychological Score:  0 indicates norm al function while 10 indicates maximal impairm ents

PBD = Peroxisome Biogenesis Disorders            ZSS = Zellweger Syndrome Spectrum

ALD =Adrenoleukodystrophy                             RCDP =Rhizomelic Chondrodysplasia Punctata  

which is similar to the findings of a previous study

that recorded 72 % among their cases  and higher[28]

than the 27.3% found among the controls. This finding

confirms the effect of consanguinity in the occurrence

of rare recessive disorders in our society. The age of

treatment initiation ranged from 9 months to 13 years

(mean age is 5.88 years). 

The studied PBD group consisted of 13 patients

with ZSS (9 patients with NALD, 3 patients with

infantile Refsum and one patient with Zellweger

syndrome) and one patient with RCDP. 

The main clinical manifestations in the ZSS group

was delayed milestones in all patients, hypotonia in

84.6% (11/13), seizures in 76.9% (10/13), feeding

difficulties in 30.8% (4/13) and visual affection in

76.9% (10/13). Published studies documented similar

manifestations in ZSS patients . The visual problems[16 ,8]

in our patients were in the form of nystagmus, retinitis

pigmentosa, optic atrophy or papellidema. The visual

evoked potential showed impaired reticulocortical

transmission in 84.6% (11/13). Previous researchers[15 ,16]

detected similar variation of visual affections in ZSS

patients. Lyons et al.  described leopard spot[12]

pigmentary retinopathy in infants with peroxisomal

disorder. The EEG changes in our ZSS patients were

in the form of focal epileptogenic dysfunction and were

detected in 76.9% (10/13) of them. Brain MRI showed

central and cortical demyelination in all case. These

findings coincides with the findings of other

s tud ies . In general the clinical and[2 5 ,1 3 ,2 6 ,3 0 ]
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neurophysiological manifestations were severer in the

patient with Zellweger syndrome than the rest of the

ZSS patients. 

The clinical and neurophysiological respond to the

9 months of treatment with DHA, in ZSS patients, was

beneficial. The developmental curve began to

accelerate; there was improvement of feeding problems,

vision, hypotonia and the frequency of seizure attacks

decreased in 5 patients and even stopped in 2 patients.

Moreover these two patients were able to walk without

help. Martinez  described 13 peroxisomal patients[15]

treated with  DHA  and  showed  similar  clinical

improvement. In our study VEP improved in 7 patients,

it even normalized in 2 patients. Also, the EEG

improved in 6 patients. In MRI the myelin changes

improved in 6 patients (Figs 1 & 2). Martinez and

Vazquez  followed up 5 patients with peroxisomal[13]

disorders and mentioned that normalization of the brain

myelin images was found in 3 patients and clear

improvement was noticed in two other patients.

Younger patients showed the best results with

DHA therapy. 

In this study, one patient presented with RCDP,

which is one type of PBD. He manifested with delayed

mile  stones,  cataract,  rhizomelia,  epihpysial

stippling and  joint  contracture  affecting   knees 

and  elbows. The  X-ray  examinations  showed

bilateral  calcification in both knees and elbows.

Skeletal involvement distinguishes patients with RCDP

from those with ZSS. Viola et al.  mentioned that[29]

there is rhizomelia in most cases, with shortening and

prominent calcific stippling mainly at the knee, hip,

elbow and shoulder. These skeletal abnormalities

resulted in limited range of movement of large joints.

The patient showed VEP improvement and minimal

clinical improvement withDHA treatment. The study of

a larger sample is needed to evaluate the role of DHA

therapy in RCDP patients. Especially, because it was

not studied before and because twelve PEX genes are

known to be associated with ZSS, while in contrast

RCDP is associated with defects in PEX-7 gene

alone . This different molecular background may play[5]

a role in the response to DHA therapy.

In Adult ALD, patients manifested with

deterioration of school performance, seizures, spasticity

and visual disturbance. This group of patients did not

improve with treatment. This was expected, because

adult ALD is caused by a deficiency of a single

enzyme (VLCFA acyl CoA synthatase) and not by

aberrant peroxisomal assembly, as in PBD . [27]

The plasma VLCFAs levels and ratios in

peroxisomal disorders patients were significantly higher

than the controls, while the DHA level was

significantly low. After DHA treatment, the ZSS group

showed decreased levels of the very long chain fatty

acids, which was statistically significant in the NALD

group, while the DHA level increased (Table 2, Fig.

4). This coincides with the findings of Martinez et

al.  and Johnson et al. . The effect of DHA therapy[17] [9]

on the RCDP patient was less pronounced, but similar

to that of ZSS group. Study of a larger patients sample

is needed to evaluate the effect of DHA therapy on

RCDP patients, as it was not studied before. 

Patients with adult ALD showed no response to

the DHA therapy neither in plasma levels of VLCFAs

and ratios, nor in the values of liver and kidney

functions, which showed non significant improvement

in the PBD group. This agrees with the results of

previous researchers . [14 ,19 ,15 ,27]

Characterizing the neuropsychological profile in

specific diseases is the first step in measuring the

e f f e c t s  o f  t r e a t m e n t .  U n d e r s t a n d i n g  t h e

neuropsychological course of the untreated disease will

allow measurement of the effects of a treatment on the

natural history of that disease. Kirvit et al.[10]

recommended that patients having leukodystrophies,

especially the  cerebral  form, must have

neuropsychological evaluation every 6 months. Shapiro

et al. , developed neuropsychological criteria to alert[23]

physicians to early neurological deteriorations which

they defined as decline of one standard deviation in

any of the scores of IQ ( full scale, verbal or non

verbal) ; or tests of visual processing or memory; or

one domain of neuropsychological functioning ( such

as auditory processing, non-verbal abilities or

language).

In the present study; after DHA therapy,

concerning  the  psychological evaluation, the

developmental curve began to accelerate. Infants

became alert; acquire better visual and social contact;

and muscular tone improved. These results  were  in

agreement  with  those of Martinez et al. . The[17]

improvement in visual perception and construction

abilities in the infantile Refsum as well as the neonatal

ALD patients goes well with the improvement in the

post therapy VEP and brain MRI of these patients.The

improvement of brain MRI findings as well as

neuropsychological abilities was previously shown

a m o ng N A L D  p a tie nts afte r  b o ne  m a rro w

transplantation .[23]

Although the follow up of patients is only for 9

months period yet it denotes improvement in

psychological abilities in ZSS patients. The patient with

RCDP showed no change, while patients with adult

ALD got worse, which may be attributed to the

p rogressive  na ture  o f the  d isease . C are fu l

neuropsychological documentation of untreated controls

as well as patients who have received other treatment
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will be necessary to determine the efficacy of any

future treatment.

In conclusion, DHA therapy has ameliorated the

symptoms in patients with PBD, especially those with

the ZSS. Younger patients gave the best response to

treatment. Therefore, early DHA therapy is highly

recommended in peroxisomal biogenesis disorders.

REFERENCES

1. Bassyouni,  H.T.,   S.A.   Abdel   Mawgoud  and

A.G. Khalipha, 2003. Peroxisomal disorders in
Egyptian children: estimation of very long chain

fatty acids by FC / MS. Med J Cairo Univ., 71:
391-401. 

2. Bayley, N., 1993. Bayley scale of infant
development. 2  ed. San Antonio: T hen d

psychological corporation.
3. Bennett, C.N. and D.F. Horrobin, 2000. Gene

targets related to phospholipid and fatty acid
metabolism in schizophrenia and other psychiatric

disorders: an update. Prostaglandins Leukot Essent
Fatty Acids., 63(1-2): 47-59. 

4. Burgess, J.R., L. Stevens, W. Zhang and L. Peck,
2000. Long-chain polyunsaturated fatty acids in

children with attention-deficit hyperactivity
disorder. Am J Clin Nutr., 71(1 Suppl): 327S-30S.

5. Crane, D.I., M.A. Maxwell and B.C. Paton, 2005.
PEX-1 mutations in the Zellweger spectrum of the

peroxisome   biogenesis   disorders.   Hum
 Mutat, 26: 167-175. 

6. Grayer, J., 2005. Recognition of Zellweger
syndrome in infancy. Adv Neonatal Care., 5(1): 5-

13.
7. Hirsh, R. and R. Riegl, 1989. Studying a study

and testing a test, how to read the medical
literature. 2  (ed). Little, Brown and Companynd

(Boston, Toronto, London).
8. Horrocks, L.A. and AA Farooqui, 2004.

Docosahexaenoic acid in the diet: its importance in
maintenance and restoration of neural membrane

function. Prostaglandins Leukot Essent Fatty Acids;
70(4): 361-72.

9. Johnson, D.W., M.U. Trinh and T. Oe, 2003.
Measurement of plasma pristanic, phytanic and

very lo ng  c hain fa tty acids by liquid
chromatography-elec tro sp ray tand em  m ass

spectrometry for the diagnosis of peroxisomal
disorders. J Chromatogr B Analyt Technol Biomed

Life Sci., 798(1): 159-62. 
10. Kirvit, W., E.G. Shapiro and L. Lokman, 1994.

Recommendation for treatment of childhood
cerebral form of adrenolleukodystrphy. In Hobbs

JR,Riches PG,eds. Correction of certain genetic
diseases  by  transplantation.  The Cogent Trust.,

38-49.

11. Komen, J.C., M. Duran and R.J. Wanders, 2005.

Characterization of phytanic acid omega-

hydroxylation in human liver microsomes. Mol

Genet Metab; 85(3):190-5. Epub 2005 Mar 17.

12. Lyons,  C.J.,   G.  Castano,  A.Q.  McCormick

and D. Applegarth, 2004. Leopard spot retinal `

pigmentation in infancy indicating a peroxisomal

disorder.   British    Journal    of 

Ophthalmology, 88: 191-192.

13. Martinez, M. and E. Vazquez, 1998. MRI

evidences that docosahexanoic acid ethyl ester

improves myelination in generalized peroxisomal

disorders. Neurology, 51(1): 26-32.

14. Martinez, M., 1999. Restoring the DHA levels in

the brains of Zellweger patients. Rev Neurol, 28

suppl 1:S59-64.

15. Martinez,  M.,  2000.  The  fundamental  and

practice of docosahexaenoic acid therapy in

peroxisomal disorders. Curr Opin Clin Nutr Metab

Care, 3: 101-108.

16. Martinez,  M.,   E.   Vazquez,   M.T.   Garca

Silva, J. Manzanares, J.M. Bertran, F. Castell and

I. Mougan, 2000. Therapeutic effects of

docosahexaenoic acid in patients with generalized

peroxisomal  disorders.  Am  J   Clin   Nutr., 71:

376S-85S.

17. Martinez,  M.,  E.  Vazquez,  M.T.  Garcia-Silva,

J.M. Beltran and F. Castello et al. 2004. Treatment

of generalized peroxisomal disorders with

docosahexaenoic acid ethyl ether. Mol Genet

Metab 83 (1-2): 16-27.

18. Mehndiratta,    M.M.,    K.B.   Rao,   S.   Garg

and S. Pandey, 2005. Adrenomyeloneuropathy. J

Assoc Physicians India; 53:562- 

19. Moser,   H.W.,     D.J.     Loes,     E.R.

 Melhem, G.V. Raymond, L. Bezman, C.S. Cox

a n d  S . E .  L u ,  2 0 0 0 .  X - L i n k e d

adrenoleukodystrophy: overview and prognosis as

a function of age and brain magnetic resonance

imaging abnormality. A study involving 372

patients. Neuropediatrics; 31(5):227-39.

20. Oglesbee, D., 2005. An overview of peroxisomal

biogenesis  disorders.  Mol   Genet Metab;

84(4):299-301.

21. Pascolat,   G.,   J.L.     Zindeluk,   K.C.   Abrao,

F.M. Rodrigues and C.I. Guedes, 2003. Rhizomelic

chondrodysplasia punctata - case report. Pediatr;

79(2):189-92.

22. Rosewich, H., A. Ohlenbusch and J. Gartner,

2005. Genetic and clinical aspects of Zellweger

spectrum patients with PEX1 mutations. J. Med.

Genet., 42(9):e58.



Res. J. Medicine & Med. Sci., 2(1): 5-13, 2007

13

23. Shapiro, E.G.,  L.A.  Lockman,  M.  Balthazor

and W.  Kirvit,  1995.   Neuropsychological 

outcomes  of  several  storage  diseases  with 

and  without bone marrow transplantation. J. Inher.

Metab. Dis., 18:413-429.

24. Steinberg,   S.J.,    G.    Dodt,    G.V. 

Raymond, N.E. Braverman, A.B. Moser and H.W.

Moser, 2006. Peroxisome biogenesis disorders.

Biochim Biophys Acta Sep 14; ahead of print 

25. Suzuki,  Y.,   N.   Shimozawa,   A.   Imamura 

and Y. Fukuda, et al. 1996. Trial of a

docosahexaenoic acid supplementation on a

Japanese patient with a peroxisomal biogenesis

defect. Acta  Paediatr  Jpn. 38 (5): 520-3.

26. Takemoto, Y., Y. Suzuki, R .Horibe, N.

Shimozawa, R.J. Wanders and N. Kondo 2003.

Gas chromatography/mass spectrometry analysis of

very long chain fatty acids, docosahexaenoic acid,

phytanic acid and plasmalogen for the screening of

peroxisomal disorders. Brain. Dev., 25(7): 481-7.

27. Takemoto, Y., Y. Suzuki, O. Onodera, S. Tsuji,

Hashimoto,    N.      Shimozawa,      T.     Orii

 and N. Kondo, 2002. Epidemiology of X-linked

adrenoleukodystrophy  in  Japan.  J. Hum.

Genet., 47: 590-593. 

28. Temtamy, S.A., M.A. El-Sawy, E.H.A. Aboul Ezz

and M.K. El-Din, et al. 1993. Screening for

Peroxisomal and sialic acid  disorders in

progressive neurologic disorders among Egyptian

children. Applied Endocrinology in Egypt, 11 (2):

17-44. 

29. Viola,   A.,    S.    Confort-Gouny,    J.P. 

Ranjeva, B. Chabrol, C. Raybaud, F. Vintila and

P.J. Cozzone, 2002. MR imaging and MR

spectroscopy in rhizomelic chondrodysplasia

punctata. AJNR Am J. Neuroradiol Mar, 23(3):

480-3. 

30. Wanders, R.J., 2004. Metabolic and molecular

basis of peroxisomal disorders: a review. Am J

Med Genet A. 1., 126(4):355-75.

31. Wanders, R.J. and H.R. Waterham, 2005.

Peroxisomal disorders I: biochemistry and genetics

of peroxisome biogenesis disorders. Clin Genet.,

67(2):107-33. 

32. Wanders, R.J. and H.R. Waterman, 2006.

Peroxisomal disorders: The single peroxisomal

enzyme    deficiencies.    Biochim    Biophys

Acta. 23; [Epub ahead of print,]

33. Wechsler, D., 1991. Wechsler Intelligence Scale

fo r  Chi ld ren  (W ISC).San A nto n io ;  T he

Psychological Corporation.

34. Wechsler, D., 1989. Wechsler Preschool and

Primary Scale of Intelligence-revised (WIPPSI-

R).San Antonio; the Psychological Corpora.


