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Recent studies have shown that the Sudden Infant Death

Syndrome (SIDS) is related to abnormal control of respiration

(Ischemic degeneration of the brainstem may play an important

role in altered respiratory control leading to death). In

our studies we have examined brainstem ganglioside composi-

tions in samples derived from SIDS victims and appropriate

controls.

Gangliosides are acidic glycosphingolipids that contain

sialic acid. The high concentration of gangliosides in the

central nervous system (CNS) implies that these lipids play

an important role in CNS function. Some studies have

indicated that gangliosides may function as receptor site

determinants or modifiers, and in neural transmission. In

our studies we used the Tettamanti, et al methodology to

extract gangliosides, and High Performance Thin Layer

Chromatography (HPTLC) and laser densitometry techniques for

ganglioside analysis. The results of these analyses are

being employed to establish lipid profile patterns to deter-

mine if there are significant variations in these lipid

patterns between SIDS and control groups.
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INTRODUCTION

Until recently, Sudden Infant Death Syndrome (SIDS) has

been a completely baffling phenomenon to both professional

and laymen alike. SIDS is characterized by the sudden, un-

expected death of an apparently healthy infant. Although

routine autopsy fails to diagnose the cause of death, 30-50%

of the victims may have a mild upper respiratory infection at

the time of death. Also, recent evidence shows that other

subtle abnormalities in temperature control, feeding, respir-

ation, neurologic tests, tactile stimulation, and growth may

be present.1 SIDS is the leading cause of death in infants

between 1 month and 1 year of age (approximately 2 deaths per

1000 births per year in the United States).2 Hilden and

colleagues, 3 in focusing their studies on perinatal, peri-

mortal, and other factors, conclude that certain perinatal

factors, such as prematurity of the infants, and age of the

mother, are correlated with SIDS.

The problem crosses all social, economic, religious,

and racial barriers; Alaskan natives, American Indians, and

economically disadvantaged blacks have twice the risk as do

white infants. The risk also increases among teen-aged

mothers and in premature babies, particularly in underweight

male infants with lung disease, and in more closely spaced

pregnancies. 4-5 Bronser et al.6 observed a striking

association of SIDS with low environmental temperatures.
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Although these sudden deaths seemed to be related to the

occurrence of influenza A epidemics, they were not associat-

ed with epidemics due to influenza B. Other studies showed

no relationship between the rate of SIDS occurence and

population density;7 also the nature of the infants' feeding

did not appear to be in any way related to causation of the

syndrome.8

Ideas about the causes of these unexplained deaths are

abundant, and for many years SIDS aroused very little

interest in the medical community. In 1972, a number of

workers from several disciplines began investigating SIDS.

These workers have searched for possible causes, identified,

associated, and calculated incidences of SIDS. In investigat-

ing a possible cause of the syndrome, attentions turned to

respiration problems because of the Steinschneider report,

which stated that prolonged periods of apnea precede the

final event of SIDS. 9 Therefore, the investigators generally

reached the conclusion that SIDS is associated causally with

failure of some kind in the respiratory control system.

Several other discoveries supported this basic idea. For

example, it was found that about 60% of the victims of SIDS

have abnormally increased amounts of muscle in the small

pulmonary arteries. In addition, the heart has an increased

amount of muscle in the right ventricular wall. This is pre-

sumed to be caused by a chronic underventilation of the lungs
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which results in a prolonged arterial constriction. This pro-

longed constriction of the arteries causes an increase in the

number of muscle cells in the arterial walls, or in other

word, hyperplasia. Hyperplasia increases vascular system

resistance to blood flow through the lungs and this causes an

increase in pressure in the right ventricle, which in turn

causes the amount of muscle in the right ventricular wall of

the heart to increase.10 A number of pathological investiga-

tions have demonstrated tissue alterations in the lung and in

the central nervous system, particularly the brainstem,

suggesting chronic hypoxemia, presumably from recurrent

apnea.I These consequences of hypoxemia are related to

abnormal retention of brown fat, and the production of red

blood cells by the liver, and an increase in the production

of red blood cells in the bone marrow. The idea of respira-

tory control failure as a cause of SIDS relates to the growth

pattern of organs of SIDS victims. These organs resemble

those seen in experimental animals that are maintained in

low-oxygen environment after birth.1" In addition, in about

half of the victims an increased level of cortisol was found,

and this is also a consequence of hypoxemia. Although it is

believed by many that SIDS is the result of some defect or

dysfunction in the control of the respiratory system, it has

not been conclusively proven.

Since anatomic and physiologic studies of the mature
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brain have positioned the involuntary control of respiration

to the brainstem, 1 2 it would seem most logical for the

brainstem to play an important role in the mechanism of res-

piratory failure related to SIDS death. If there is an

abnormality in brainstem biochemistry associated with SIDS,

what is the abnormality?

The brain is a unique organ characterized by an exceed-

ingly high concentration, molecular diversity and complexity

of gangliosides. Gangliosides are acidic glycosphingolipids

that contain sialic acid. Their high concentration in the

central nervous system in contrast to non-neural tissues,

implies that gangliosides have an important role in CNS func-

tion. Although gangliosides were initially discovered in

brain, they have been found in virtually every vertebrate

tissue. Plasma membranes are highly enriched in gangliosides

that contain both hydrophilic and hydrophobic regions. The

functional components of these complex lipids are the mono-

saccharide residues that are incorporated by enzymes known as

glycosyltransferases. Each glycosyltransferase is highly

specific and catalyzes the closely ordered transfer of sugar

residue from a sugar nucleotide donor to an acceptor. The

localization of these enzymes within cells is somewhat

controversial. Some studies indicate the association of

these enzymes with the synaptosomes, while others suggest

their association with microsomes and myelin. In YQvo
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experiments have indicated an effective labeling of

gangliosides after administration of radioactive glucose and

galactose. Although, these experiments have not provided

great deal of information regarding precursor-product

relationship, they have demonstrated an active period of

precursor incorporation that has coincided chronologically

with active myelination. Brain contains the highest amount

of gangliosides, with the gray matter level greatly exceeding

other extra-neural organs.13 Sialic acid occurs predominant-

ly in the form of N-acetyl neuraminic acid (Neu NAC) in brain

tissue gangliosides; gangliosides from non-neural tissues

contain considerable amount of N-glycosyl neuraminic acid.

Neu NAC is also considered to be the major, and perhaps

exclusive type of sialic acid present in human brain,

although a careful search for acylated forms may prove

otherwise. Also the bulk of mammalian brain gangliosides

contain the basic structural unit of GM1 (Figure 1).

During growth and development, discernible changes occur

in structure and function within the nervous system with

gangliosides and sphingomyelins being the predominating

sphingolipids of human fetal brain. In many brain diseases

in infancy, such as Tay Sachs and Fabry diseases, serious

and extensive changes in the ganglioside composition have

been reported. A common feature in many of these diseases

has been a pronounced augmentation of the minor gangliosides.
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Figure 1.

Biosynthesis of Gangliosides. Abbreviations used: Gal,

galactose; GalNAc, N-acetylgalactosamine; Gic, glucose;

NAN, N-acetylneuraminate. The types of linkages

between the sugars are noted at the bonds joining them.
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Svennerholm14 reports that in human cerebrum, the increase in

ganglioside concentration begins at the onset of period II

(from 25th fetal week to term) but the fastest accretion

starts in the beginning of period III (from term and for 1-2

months); reaching steady state at the age of 4-6 months. It

is also during this period that rapid outgrowth of dendrites,

axons, and further establishment of neural connections take

place. Therefore, it was concluded that dendrites and

synapses are enriched with gangliosides. Additionally, it

was reported that gangliosides GM1 and GT1 comprise large

fraction of the ganglioside pool of human frontal brain

cortex during period I (until 25th fetal week), and the

percent distribution of all gangliosides was reduced except

for GDla which augmented rapidly and approached its climac-

tic concentration at the end of period II (just before term).

The latter conclusion was arrived as a result of the higher

activities of the enzymes that participate in the formation

of GDla than of those that participate in the biosynthesis of

GDlb and GT1 .

It has been reported that gangliosides may function in

the CNS as receptor site determinants15 or modifiers,16 and

in neural transmission.17 There are also other recent

discoveries of the neuronotrophic and neuritogenic properties

of gangliosides. 1 8 - 2 0  Abnormalities in ganglioside meta-

bolism, such as Tay-Sachs disease result in severe neuro-
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logical dysfunction, and it is becoming more apparent that

gangliosides participate in the internalization of environ-

mental signal elicited by cholera toxin, glycoprotein

hormones, and other substances such as interferon and

possibly serotonin. Fishman and Brady1 5 reported a case

involving a male infant with respiratory malfunction and

convulsion after birth. Three and half months later, autopsy

showed a severe lack of myelin in large areas of the brain,

and the major biochemical aberration involved a dramatic

alteration in the ganglioside concentration (GM1 and

corresponding di-, tri-, and tetrasialylated homologs).

Therefore, they provide a logical candidate for a study of

distribution patterns in the human brainstem, and for an

examination of any abnormalities in these patterns between

SIDS and control groups.

Jang et al.21 isolated myelin from subcortical white

matter from the frontal and parietal lobes of ten human

brains with ages ranging from 24 days to 350 days of age, and

subsequently analyzed their lipid composition. Eight infants

were victims of SIDS and two were accident cases. Since 75%

of the dry weight of myelin is lipid, gray matter and white

matter samples from each brain were also dissected and

analyzed. In their evaluation of gangliosides in gray

matter, white matter, and myelin lipids, the four major

gangliosides (GTlb, GDlb, GDla, GM1 ) were found in each
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sample along with some minor bands. No conclusion were

reached regarding relative levels of gangliosides in the SIDS

and control groups.

Although lipid-bound sialic acid was discovered and

given the name "ganglioside" by Klenk, 2 2 isolation and

characterization of specific ganglioside species were done by

Folch and colleagues,23 using mild extraction procedures and

chromatographic methods. In the original method Folch and

his associates extracted the gangliosides of brain tissue

with a mixture of chloroform, methanol, and water. Although

the extracted gangliosides were soluble in water, they later

realized that water, aqueous salt solutions, or trichloro-

acetic acid solutions would not extract the gangliosides from

the tissue.24  Previously, it was also reported that dia-

lysis of brain tissue homogenate prior to extraction leads

to greatly reduced yields of gangliosides.25 The original

method of Folch et aL for extraction of total lipids and

isolation of gangliosides, is still widely used. Another

procedure described by Tettamanti et al.26 claimed to afford

quantitative recovery of gangliosides without recurrent

solubilization of glycoproteins. Such solubilization has been

reported to occur with chloroform-methanol.27-28 Albeit

several methods for extraction and isolation of gangliosides

have been suggested, relatively little attention has been

given to the effectiveness of separation from peptides,
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phospholipids, and various low molecular-weight contaminants.

The method which applies an anion-exchange resin (DEAE

Sephadex) to separate gangliosides first, along with other

acidic lipids, from the much greater amount of neutral and

zwitterionic lipids which do not bind to the resin, is among

the most widely used procedures.29-30 Ledeen et al.31

recently explained a method to separate gangliosides from

lipophilic peptides by consecutive chromatography on Sephadex

LH-20, DEAE Sephadex, and silica gel following the initial

acidification. The authors claim that mild acidification of

the mixture following homogenization will affect separation

of the gangliosides from lipophilic peptides. They also

claim that the recovery for any given step was usually >90%,

and the overall >80% recovery was due to handling in a multi-

stage operation.

There are also quantitative analyses of brain

gangliosides by high performance liquid chromatography (HPLC).

McCluer et al.32 used a HPLC procedure which involved the

conversion of gangliosides to their perbenzoyl derivatives.

Although quantifications of monosialogangliosides33 or mono-

sialogangliosides and diasialoganglioside (GDla) 3 4 as their

perbenzoyl derivatives were previously reported, the

procedure used by McCluer could simultaneously quantify the

mono- and polysialogangliosides. According to the authors,

the procedure is reasonably simple, and measures mono- and
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polysialogangliosides in a single chromatography run.

The purpose of our studies was to compare the brainstem

ganglioside lipid profile from SIDS and control groups, and

to determine if significant variations exist in their com-

positions. The method of High Performance Thin Layer

Chromatography (HPTLC) was employed to separate the partially

purified gangliosides, followed by spraying with Resorcinol

reagent to develop the ganglioside bands. In order to

quantitate the ganglioside species, laser densitometry was

employed.
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EXPERIMENTAL METHODS

I. Brainstem:

Brainstems of infants up to 1 year of age were separated

from the pons at the pontomedullary junction, and were

labeled with case number, initials of deceased infant,

data, and subsequently were frozen at -700 at the Institute

of Forensic Sciences in Dallas, Texas. Eventually, these

brainstems were transferred to North Texas State University

campus in dry ice, and were stored at -900 for further

investigations. All the brainstems were supplied with an

investigative data sheet that was designed by the

Maternal Child Health Department of Health and Human

Services, and had informations about family history,

prenatal, delivery, and postnatal medical records of each

infant.

II. Extraction Of Gangliosides:

There are many methods to extract gangliosides and most

of them use chloroform, methanol, and water in their

procedures. In 1962, Trans and Lauter35 introduced an

extraction procedure that utilized tetrahydrofuran (THF).

This method has been extensively studied by Tettamanti and

associates, and it is the method that was used to extract

brainstem gangliosides in our laboratory.

About 200-300 mg of brainstem was homogenized with 200-

300 ul of 0.01 M potassium phosphate buffer, pH 6.8, in a
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glass homogenizer. This was followed by the addition of

1.6-2.4 ml of THF the homogenization continued for 2

minutes. The homogenate was centrifuged at approximately

12,000 X g for 15 minutes at a temperature not above 150,

and the supernatant was later transferred to a clean test

tube. The extraction cycle was repeated three more times,

using 0.8-1.2 ml of THF in each instance. Also, since the

samples were small, after the first homogenization, they

were sonicated briefly to ensure complete cell breakage and

to prevent loss of the gangliosides.

After the addition of 0.3 volumes of diethyl ether, the

pooled supernatants were shaken vigrously for 2 minutes and

then centrifuged at high speed in a clinical centrifuge

(2400 X g) for 15 minutes. The organic phase, after the

addition of 0.1 volume of distilled water, was shaken and

centrifuged as before. The pooled aqueous phases were lyo-

philized and stored at -20 . Before application to thin

layer plates, the samples were dissolved in 200-300 ul of

chloroform-methanol (2:1). It should be mentioned here

that our samples were not dialyzed in distilled water in

order to prevent possible loss of gangliosides. Dialysis

is a common procedure to remove low molecular weight

contaminants from gangliosides that have been partitioned

into the aqueous phase. Kanfer and Spielvagel36 reported

that if the concentration of gangliosides being dialyzed is
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below 150 ug/ml (about 10-4 M), considerable amounts of

gangliosides are lost. In 1963, Gammack,37 and in 1964,

Howard and Burton38 reported that this concentration was

close to the critical micellar concentration. In some

trial cases in this laboratory, no difference between the

dialyzed and non-dialyzed samples was observed.

III.Ganglioside Separation:

Ganglioside samples (1-2ul) were spotted under a

constant flow of warm air, in the preabsorption region of a

High Performance Thin Layer Chromatography (HPTLC) plate

(10 X 10 cm) from Merck (HPTLC Pre-coate plate, Silica gel

60). Plates were developed with chloroform-methanol- water

(55:45:10) containing 0.03% CaCl2 .2H 2 0 and were then dried

(an increase in the amount of CaCl2 .2H 2 0 from 0.02% to

0.03% ameliorated the separation of the gangliosides).

Later they were sprayed with freshly prepared Resorcinol-

HCl reagent. 3 9 After spraying, plates were covered with

clean glass and heated at 1100 for 15-20 min to develop

the blue ganglioside bands.

IV. Ganglioside Pattern Analysis:

For ganglioside pattern analysis, the LKB laser

densitometer (model 2200), connected to an Apple lie

computer for intergration, was employed. I would like to

thank Dr. Ruthann Masaracchia and Dr. Manus Donahue for

providing the scanning laser densitometer and their
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technical assistance.
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RESULTS

Portions of the brainstem regions responsible for res-

piratory control from 34 infants (both SIDS and control

groups), ranging from 3 weeks to 10 months of age, were

analyzed for their gangliosides. Of the 34 samples, 19 were

obtained directly from the respiratory control center of

the Medulla Oblongata. The remaining samples were obtained

from the same general region of the brainstem, but contained

approximately two times as much tissue. Our samples also

consisted of more males than females (Figure 2). After

developing HPTLC plates by spraying with resorcinol.HCl

reagent, the chromatograms of these brainstem extracts

typically revealed six ganglioside bands below the GM1 stand-

ard marker. The intensities of these seven gangliosides were

measured by laser densitometry, and the recorded percent

intensities were compared by different statistical analysis

methods for each group. It should be mentioned here that

percent intensities were obtained by dividing each intensity

value by the total intensity value for each sample. This

eliminates any deviations caused by different total ganglio-

side concentrations in each sample. Initial observations of

our data revealed only the existence of seven ganglioside

bands (suggesting seven ganglioside species) in both SIDS

and control groups; differences in relative concentrations

of ganglioside species within each group and between groups

17



Figure 2.

Distribution pattern of intensity values for the seven

ganglioside bands.

M -----_Males

F ------ Females
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TABLE

STATISTICAL VALUES OF THE
SAMPLES FOR EACH SEVEN

BAND

N

MEAN

ST DEV

ST MEAN

SKEWNESS

KURTOSIS

MEDIAN

MODE

1 2

34

2.29

2.00

0.34

0.58

-1.15

1.55

0

3

34

7.54

7.05

1.21

1.85

2.89

5.3

2.4

I

THIRTY FOUR BRAINSTEM
GANGLIOSIDE BANDS

4

34

16.78

6.28

1.07

0.65

0.26

15.75

12.4

5

34

27.37

8.38

1.44

0.85

0.29

26.6

13.6

6

34

21.09

6.65

1.14

-0.29

0.10

21.55

13.7

34

15.34

5.22

0.90

0.41

0.30

14.85

15.2

20

34

9.59

4.14

0.71

0.03

-1.25

10.5

5.7

1



appeared, by visual inspection, to be random in nature.

Therefore, in order to analyze and compare the data more

objectively, a computer program was written in SAS (Statisti-

cal Analysis System) which is given in Appendix I.

By looking at Table I, one can determine whether the

mean intensity values are normally distributed for each of

the seven ganglioside bands, and also obtain other informa-

tion about their symmetry, skewness, and kurtosis (shape of

distribution). The frequency polygons of many biological

data distributions for a large population are bell-shaped,

but not all bell-shaped curves are normal. If a sample popu-

lation is normally distributed, its mean, median, and mode

values will be equal. A symmetrical distribution is one in

which the mean and the median are identical, and the portion

of the frequency polygon to the left of the mean is a mirror

image of the portion to the right of the mean. By looking

at the skewness values in each case, one could determine if

the data were negatively or positively skewed. For skewness

values less than zero, a negatively skewed distribution can

be predicted whereas, for values greater than zero, a posi-

tively skewed distribution is obtained. The kurtosis values

provide information about the shape of distributions,

namely if the distributions are leptokurtic (kurtosis value

>0 ), or are platykurtic (kurtosis value <0 ). In leptokur-

tic distributions, most of the values are around the mean and
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in tails, whereas, in platykurtic distributions, most values

are between the mean and tails.

Among the most commonly employed biostatistical

procedures is the T test analysis of a two sample hypothesis

which makes a comparison between two sets of randomly

collected data, and infers whether differences exists between

the two population samples. In our study, the collected data

for each of the seven brainstem gangliosides were divided

into two classes, SIDS and control, and the means of their

percent intensities were separately compared. The results

of the student T test are shown in Table II. The important

thing to consider here are the probability (T) values which

provide information regarding the acceptance or rejection

of the null hypotheses in each case. In all the cases, if

the probability (T) value is smaller than 0.05, one can simp-

ly reject the null hypothesis which assumes the two mean

intensities are equal, otherwise, one can accept the null

hypothesis that statistically the means are not significant-

ly different.

In order to determine if there is a correlation between

the ages of the infants and their corresponding mean

intensity values, both Pearson (for normally distributed

data), and Spearman (for non-normally distributed data)

correlation tests were performed, and the correlation

coefficient values for each one of the seven brainstem
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gangliosides were obtained (Table III). Also, the Pearson

and the Spearman correlation coefficient values of both con-

trol and SIDS samples in each one of the seven brainstem

gangliosides were separately calculated (Table IV). For

coefficient values above 0.5 and below -0.5, one could expect

a positive or a negative correlation respectively, whereas,

for coefficient values between -0.5 & 0.5, no correlation

between the mean intensities and the ages of the infants

should be expected.

In order to analyze further the existence of any

relationship between the intensities of these seven brainstem

gangliosides for the SIDS and the control groups, samples

were divided into six different age groups, and each group

was given a different notation. For example, samples that

aged less than 6.5 weeks were classified into one group, and

and were identified as "one month" infants. Later, a series

of T tests were performed for the acceptable classified

groups (groups with sufficient number of samples), and the

mean intensities of their SIDS & control subgroups (for each

one of the seven brainstem gangliosides) were separately

compared (Table V).

Identification of the seven ganglioside bands was

accomplished by use of standards and by comparison of Rf data

with that of other investigations. Standards for GM1 , GDlar

and GTlb were purchased, whereas, identification of the other
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gangliosides were accomplished by referral to the work of Yu

and associates.40 The corresponding names for each of the

seven bands are shown in Figure 3; "GU" is the band with the

lowest Rf value, and GM1 the highest. The designation "GU",

was used due to the fact that nothing is known about the

structural nature of this ganglioside; it provides an

additional interesting area of future investigation.
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CONDO

TABLE II

STUDENT T TEST RESULTS OF THE SIDS AND CONTROL GROUPS
FOR THE SEVEN GANGLIOSIDE BANDS

)ITION N MEAN STD T PROBABILITY I
INTENSITY ERROR VALUE (T)

CONTROL

SIDS

CONTROL

SIDS

CONTROL

SIDS

CONTROL

SIDS

CONTROL

SIDS

CONTROL

SIDS

CONTROL

SIDS

12

22

12

22

12

22

12

22

12

22

12

22

12

22

3.050

1.882

8.808

6.845

18.650

15.755

25.275

28.514

19.800

21.791

14.900

15.582

9.533

9.627

0.562

0.415

2.039

1.516

1.879

1.270

2.148

1.875

1.70

1.504

1.298

1.208

1.345

0.841

1.6709

0.7709

1.3117

-1.0801

-0.8308

-0.3588

0.0623

0.1045

0.4464

0.1989

0.2882

0.4122

0.7221

0.9507

25

BAND

1

2

3

4

5

6

7

10 - r
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TABLE III

PEARSON & SPEARMAN CORRELATION COEFFICIENTS BETWEEN
THE PERCENT INTENSITIES AND AGES OF THE

BRAINSTEM SAMPLES FOR THE SEVEN
GANGLIOSIDE BANDS

PEARSON CORRELATION SPEARMAN CORRELATION
COEFFICIENT COEFFICIENT

0.26007

-0.12942

0.27235

-0.03014

-0.03426

-0.22860

0.08514

0.11316

0.03543

0.18057

-0.00572

0.05863

-0.14067

0.08083

26

BAND

1

2

3

4

5

6

7

i a r .



TABLE IV

PEARSON & SPEARMAN CORRELATION COEFFICIENTS BETWEEN THE
PERCENT INTENSITIES AND THE AGES OF THE SEVEN

BRAINSTEM GANGLIOSIDES IN BOTH SIDS
AND CONTROL GROUPS

PEARSON CORRELATION
COEFFICIENT

CONTROL SIDS

SPEARMAN CORRELATION
COEFFICIENT

CONTROL SIDS

0.22798

-0.21501

0.26622

-0.21915

0.19862

-0.12885

0.07297

0.29366

-0.07982

0.28121

0.09647

-0.17318

-0.29933

0.09724

0.01770

-0.01770

0.38587

-0.31153

0.25489

-0.13653

-0.01419

0.30987

0.09266

0.11300

0.12126

-0.08351

-0.19676

0.21283

27

BAND

1

2

3

4

5

6

7
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TABLE V

STUDENT T TEST RESULTS OF THE SIDS AND CONTROL GROUPS
FOR THE SEVEN BRAINSTEM GANGLIOSIDE BANDS

"ONE MONTH BABY AGE <6.5 (WKS)"

CONDITION N MEAN
INTENSITY

STD T
ERROR VALUE

PROBABILITY BAND
(T)

3.125
1.960
2.478

0.838
0.966
0.647

0.8830

7.325 3.521
12.620 5.631 -0.7463
10.267 3.426

18.075 2.020
15.980 2.560 0.6157
16.911 1.624

28.650 4.741
28.780 3.583 -0.0223
28.722 2.704

17.850 2.881
18.540 2.771 -0.1710
18.233 1.879

14.725 1.192
13.280 2.711 0.4450
13.922 1.531

CONTROL
SIDS
BOTH

CONTROL
SIDS
BOTH

CONTROL
SIDS
BOTH

CONTROL
SIDS
SIDS

CONTROL
SIDS
BOTH

CONTROL
SIDS
BOTH

CONTROL
SIDS
BOTH

4
5
9

4
5
9

4
5
9

4
5
9

4
5
9

4
5
9

4
5
9

0.4767

28

0.4065 1

10.325
8.800
9.948

2.699
1.894
1.511

0.4798

0.5575

0.9828

0.8690

0.6698

0.6481

2

3

4

5

6

7



TABLE V--CONTINUED

"TWO MONTHS BABY 6.5 <= AGE < 10.8(WKS)"

3.633
0.550
1.578

1.017
0.208
0.607

2.9702

11.63 6.611
4.550 1.097 1.0570
6.911 1.114

12.200 1.559
13.867 1.519 -0.6813
13.311 1.114

21.567 4.070
28.767 4.936 -0.9350
26.367 3.602

22.730 1.184
25.250 3.405 -0.4989
24.410 2.264

17.400 3.989
18.533 2.504 -0.2518
18.156 1.379

CONTROL
SIDS
BOTH

CONTROL
SIDS
BOTH

CONTROL
SIDS
BOTH

CONTROL
SIDS
BOTH

CONTROL
SIDS
BOTH

CONTROL
SIDS
BOTH

CONTROL
SIDS
BOTH

3
6
9

3
6
9

3
6
9

3
6
9

3
6
9

3
6
9

3
6
9

0.7659

0.0907

0.3977

0.5176

0.3809

0.6332

0.8084

0.4687

29

1

2

10.800
8.500
9.927

3.828
1.130
1.379

3

4

5

6

7
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TABLE V--CONTINUED

"THREE MONTHS BABY 10.8 <= AGE < 17.2(WKS)"

1.400
3.00
2.600

1.00

0.836
0.692

-1.0017

13.650 1.950
3.750 1.002 4.8358
6.225 1.816

24.250 7.450
15.850 2.376 1.5051
17.950 2.626

25.10 3.400
24.517 1.571 0.1775
24.663 1.321

17.150 7.750
23.850 1.411 -0.8505
22.175 2.101

13.200 2.00
17.683 1.852 -1.2769
16.563 1.587

CONTROL
SIDS
BOTH

CONTROL
SIDS
BOTH

CONTROL
SIDS
BOTH

CONTROL
SIDS
BOTH

CONTROL
SIDS
BOTH

CONTROL
SIDS
BOTH

CONTROL
SIDS
BOTH

2
6
8

2
6
8

2
6
8

2
6
8

2
6
8

2
6
8

2
6
8

-1.9815

0.3551 1

0.0029

0.1830

0.8649

0.5468

0.2488

0.0948

2

3

4

5

6

7

30

5.300
11.383
9.863

1.900
1.608
1.583



TABLE V--CONTINUED

"SIX MONTHS BABY 21.5 <= AGE < 43(WKS)"

2.700
0.733
1.520

2.700
0.260
0.991

0.725

4.800 0.500
8.433 4.034 -0.6959
6.980 2.387

22.900 5.600
18.800 6.229 0.4525
20.440 3.973

26.450 7.350
37.467 5.626 -1.2110
33.060 4.709

20.300 6.600
17.300 6.643 0.3035
18.500 4.258

13.650 6.050
11.00 2.663 0.4674
12.060 2.492

CONTROL
SIDS
BOTH

CONTROL
SIDS
BOTH

CONTROL
SIDS
BOTH

CONTROL
SIDS
BOTH

CONTROL
SIDS
BOTH

CONTROL
SIDS
BOTH

CONTROL
SIDS
BOTH

2
3
5

2
3
5

2
3
5

2
3
5

2
3
5

2
3
5

2
3
5

1.2779

0.5996

0.5365

0.6816

0.3126

0.7814

0.6721

0.2912

31

1

2

9.200
6.200
7.400

2.00
1.405
1.238

3

4

5

6

7



Figure 3.

The HPTLC laser densitometry of an chromatogram of

brainstem gangliosides. Gangliosides designated by

"---" were identified by comparison with Rf values

and/or relative positions of gangliosides, reported in

the literature.40
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DISCUSSION

I. Statistics:

In addition to the problem of obtaining an appropriate

number of control samples, one of the major problems in a

study of abnormalities relating to SIDS is the proper and

scrupulous diagnosis of the syndrome by pathologists. Since

there is not much known about the syndrome, except for some

of its appendicular symptoms (e.g., apnea, hypoxia), many

victims have been categorized as SIDS if they were within the

proper age range (0-1 year), and the pathologist could not

relate the death to any other known diseases or causes.

Another problem is the obtaining of a sufficient number of

samples with their ages uniformly distributed through the

appropriate age range. Only by increasing the number of

samples, can one partially eliminate the problems of

occasional errors in analytical determinations or of an

initially incorrect diagnosis.

One of the major problems encountered in our laboratory

regarding the measurement of the relative intensities of

gangliosides separated by HPTLC was the presence of other

impurities, mainly phospholipids, that accompanied the

gangliosides into the extraction layer. It is possible

that these impurities could interfere with ganglioside

quantitation (based on sialic acid content) by producing a

variable high background on the chromatography medium. This
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background could consequently increase the relative

absorbance intensities of some of the gangliosides. Due to

to certain limitations existing with the available laser

densitometer, one can not totally eliminate the background

absorbance. One can assume, however, that this "variable

background" is reasonably "invariable" from sample to sample.

Since relative absorbance intensities (not absolute

absorbance intensities) of the various brainstem gangliosides

are the important consideration in this study, background

absorbance need not be a serious problem. Further, by

increasing the number of samples, one could perform a more

objective biostatistical analysis of the data. As mentioned

earlier, there are certain methods which one could use to

purify the gangliosides, but these methods reduce the con-

centration of some, particularly the minor, gangliosides.

Therefore, our studies were mainly focused on the analysis

of relatively impure extracts of gangliosides (98%

recovery), 26 since we were interested in determining what

differences might exist among all detectable gangliosides

in control and SIDS groups.

Since the mean, median, and mode values for each of

the seven brainstem gangliosides were not equal (Table I),

one could consequently conclude that the intensity values for

all the respective seven groups were not normally distribu-

ed, and their frequency polygons would not look like a
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a bell-shaped curve. Also they all had a positively skewed

distribution with the exception of band number five.

From the results of the initial student T test (Table

II), one could infer that the mean intensity values of both

SIDS and control groups in any of the seven brainstem

gangliosides were not significantly different. It should be

mentioned here that this initial student T test considered

and alternatively compared the overall mean intensities of

SIDS and control groups in each of the seven gangliosides.

It did not consider any differences that may exist in a

limited age range between these groups for a particular

ganglioside.

The correlation coefficients obtained by both Pearson

and Spearman tests showed no positive or negative

correlations between the age of the samples and their

respective intensities for each of the seven gangliosides

(Table III and IV). Therefore, none of the intensity values

for the seven gangliosides followed a steady inclination or

declination with age; they were randomly scattered. This was

further confirmed by plotting of the mean intensity values

for each of the seven gangliosides versus their corresponding

ages (Figs. 4-10). These figures do provide one with inform-

ation regarding possible differences in more limited age

ranges between the SIDS and control groups for any of the

seven brainstem gangliosides.
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As shown in figures 4-10, a comparison of the highest

mean intensity values of the seven gangliosides in the

control groups indicate a variation with the age. This

pattern was also observed in the SIDS groups.

The student T test for samples which were divided

into six different age groups showed some interesting

results (Table V). By analyzing the probability values,

one could observe that for samples less than 6.5 weeks of

age, the seven gangliosides showed no significant

differences between their corresponding SIDS and control

mean intensities. The same pattern was also observed in

samples between 21.5 to 43 weeks of age. On the other hand,

the T test results for samples between 6.5 to 10.8 weeks ("2

months") show average intensity differences between the SIDS

and control groups for band 1 ganglioside that approaches

statistical significance. In the case in which the samples

ranged from 10.8 to 17.2 weeks ("3 months"), the probability

value for band 2 showed a significant difference between the

mean intensity values of SIDS and control groups; further,

the probability value for band 7 was close to a value which

would indicate that the mean intensities are significantly

different. The apparent differences between average values

of the SIDS and control groups for bands 2 and 7 ( 3 months)

may have resulted from the limited number of samples that

were present, and the two to three fold difference between
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the number of SIDS and control samples.

Additional analysis of data for the most critical age

for SIDS (8.6-12.9 wks) showed a significant difference

between the mean intensity values of SIDS and control groups

for band 1 in the 8.6 week category (all the samples were

derived from infants at approximately 8.6 weeks of age), and

for bands 2 and 7 in the 12.9 week category (all the samples

were derived from infants at approximately 12.9 weeks of

age). Although the difference between the number of samples

in the " 2 months " category and the 8.6 week category was

slightly different ( 9 versus 8 respectively), the T value

for the second category was found to be highly significant

(T = 0.0097). This apparent significant difference between

gangliosides in the SIDS and control groups (derived from

infants at approximately 8.6 weeks of age) supports the

hypothesis that specific ganglioside difference is highly age

dependent. Therefore, analysis and comparison of the

ganglioside patterns should be conducted within a limited age

range. However, these apparent significant differences for

band 1, 2 , and 7 in the limited age ranges considered above

is subject to question due to limited number of samples

available. Therefore, in order for such studies to be more

conclusive, a larger sample population is required.

II. Biochemistry:

The role of ganglioside as surface membrane receptors is
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among the most interesting research on the function of the

gangliosides. The best-characterized receptor is GM1 which

binds cholera toxin, and blocks its physiological effect.

There are also suggestions regarding the role of gangliosides

in binding and subsequent release of acetylcholine by

synaptic vesicles.41

The ganglioside composition in many diverse tissues and

cultured cells is bidden by and is a reflection of the

glycosyltransferases found within them. All the enzymes

related to the formation of complex gangliosides are promptly

detected in the brain which quantitatively has the highest

amount of lipid-bound sialic acid. The key regulatory enzyme

N-acetylgalactosaminyltransferase which is accountable for

transfer of N-acetylgalactosamine to gangliosides GM3 and

GD3 , antecedes the subsequent formation of higher order

gangliosides and their presence in certain tissues (mostly

neural tissues). The presence of this enzyme was more

satisfactorily investigated with rat brain preparations.

Both GD3 and GM3 have identical km values for a solubilized

rat brain microsomal extract containing an N-acetylgalactos-

aminyltransferase, and since attempts to differentiate these

two transferases were equivocal, it is not possible to decide

whether there are discrete enzymes for each substrate.

The existence of the four gangliosides (GM 1 , GDla, GDlb,

and GTlb) in all of our samples not only alludes to the
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presence of N-acetylgalactosaminyltransferase in human

brainstem, but also confirms its presence in both SIDS and

control groups. Additional investigations are required to

study the activity levels of this enzyme in both SIDS and

control groups. However, an initial survey of figure 2

indicates that GD3 (band 6) is among the most predominant of

the gangliosides. Therefore, one can presumably suggest that

GD3 is among the major gangliosides in the human brainstem,

and its higher concentration relative to the other parts of

brain in which GD3 was not classified as a major ganglioside

may be due to the lower activity of N-acetylgalactosaminyl-

transferase or higher activity of hexoaminidase A (catabolic

enzyme responsible for the formation of GD3 ). Furthermore,

by examining the activity levels of the previous enzymes in

both brainstem and other parts of human brain, a GD3 profile

regarding its relative concentration can be attained.

The monosialoganglioside GM1 , being highly enriched in

myelin membrane and being an intrinsic component of the CNS

mylein, has been reported to be more abundant in white matter

than in gray matter. On the contrary, the gray matter

contains higher concentrations of GM2 and GD2 and is

relatively enriched in the di- and polysialogangliosides,

GDla, GDlb, GTlb, and GQlb. 4 0 Additional analysis of the

seven ganglioside mean intensity values of the brainstem show

a relatively higher concentrations of the di- and polysialo-
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gangliosides (figure 2 and Table I). This may indicate that

the investigated areas of the brainstem were consisted of

higher quantities of gray matter. This will require further

investigation.

Another important aspect to be considered is the identi-

fication of ganglioside "GU" (band 1). This band was

tentatively identified as a ganglioside because of its deep

purple color after spraying with the resorcinol-Hcl reagent.

The further elucidation of the structure of a new ganglioside

will require the determination of composition, sugar

sequence, glycosidic substitution sites, and stereochemistry

of glycosidic bonds.
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Figure 4.

Average intensity values for ganglioside 1 versus

age for SIDS and control groups.

S---S SIDS

C---C Control
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Figure 5.

Average intensity values for ganglioside 2 versus

age for SIDS and control groups.

s---S SIDS

C-.--C Control
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Figure 6.

Average intensity values for ganglioside 3 versus

age for SIDS and control groups.

SW --- SSIDS

C---C Control
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Figure 7.

Average intensity values for ganglioside 4 versus

age for SIDS and control groups.

S---S SIDS

C---C Control
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Figure 8.

Average intensity values for ganglioside 5 versus

age for SIDS and control groups.

S---S SIDS

C---C Control
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Figure 9.

Average intensity values for ganglioside 6 versus

age for SIDS and control groups.

S---S SIDS

C---C Control
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Figure 10.

Average intensity values for ganglioside 7 versus

age for SIDS and control groups.

S--- S SIDS

C-- -C Control
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APPENDIX I

DATA SC;
INPUT GROUP $ CONDI $ SEX $ AGE BAND INTENS;
CARDS;
PROC SORT; BY BAND CONDI;
PROC PRINT; BY BAND CONDI;
PROC UNIVARIATE PLOT FREQ NORMAL; VAR INTENS; BY BAND;
PROC TTEST; CLASS CONDI; BY BAND;
PROC PLOT; PLOT INTENS * BAND = SEX;
PROC CORR PEARSON; VAR INTENS AGE; BY BAND;
PROC CORR PEARSON; VAR INTENS AGE; BY BAND CONDI;
PROC CORR SPEARMAN; VAR INTENS AGE; BY BAND;
PROC CORR SPEARMAN; VAR INTENS AGE; BY BAND CONDI;
PROC SORT; BY CONDI;
PROC PLOT; PLOT INTENS * AGE = BAND;
PROC PLOT; PLOT INTENS * AGE = BAND; BY CONDI;
PROC SORT; BY AGE BAND;
PROC MEANS; BY AGE BAND; VAR INTENS;
OUTPUT OUT=CS MEAN= MEANINTS;
PROC PLOT; PLOT MEANINTS * AGE = BAND;
PROC SORT DATA=SC; BY AGE BAND CONDI;
PROC MEANS; BY AGE BAND CONDI; VAR INTENS;
OUTPUT OUT=MS MEAN= MEINTCON;
PROC SORT; BY CONDI;
PROC PLOT; PLOT MEINTCON * AGE = BAND; BY CONDI;
PROC SORT; BY BAND;
PROC PLOT; PLOT MEINTCON * AGE = CONDI; BY BAND;
PROC SORT DATA=SC; BY AGE BAND;
DATA ONE; SET SC; IF AGE < 6.5; AGE = 1;
PROC SORT; BY BAND;
DATA TWO; SET SC; IF AGE >= 6.5 AND AGE < 10.8; AGE = 2;
PROC SORT; BY BAND;
DATA THREE; SET SC; IF AGE = 10.8 AND AGE < 17.2; AGE =3;
PROC SORT; BY BAND;
DATA FOUR; SET SC; IF AGE >= 17.2 AND AGE < 21.5; AGE =4.5;
PROC SORT; BY BAND;
DATA FIVE; SET SC; IF AGE >= 21.5 AND AGE < 43; AGE = 6;
PROC SORT; BY BAND;
DATA SIX; SET SC; IF AGE >= 43 AND AGE <= 53; AGE= 10;
PROC SORT; BY BAND;
PROC MEANS DATA= ONE; BY BAND AGE; VAR INTENS;
TITLE ' ONE MONTH BABY < 6.5';
OUTPUT OUT = AB MEAN = MINTENS;
PROC MEANS DATA = TWO; BY BAND AGE; VAR INTENS;
TITLE'TWO MONTHS BABY < 10.8';
OUTPUT OUT =CD MEAN = MINTENS;
PROC MEANS DATA = THREE; BY BAND AGE; VAR INTENS;
TITLE'THREE MONTHS BABY < 17.2';
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OUTPUT OUT=EF MEAN = MINTENS;
PROC MEANS DATA=FOUR; BY BAND AGE; VAR INTENS;
TITLE'FOUR AND HALF MONTHS BABY < 21.5';
OUTPUT OUT = GH MEAN= MINTENS;
PROC MEANS DATA=FIVE; BY BAND AGE; VAR INTENS;
TITLE'SIX MONTHS BABY < 43';
OUTPUT OUT = IJ MEAN = MINTENS;
PROC MEANS DATA = SIX; BY BAND AGE; VAR INTENS;
TITLE'TEN MONTHS BABY < 53';
OUTPUT OUT = KL MEAN = MINTENS;
PROC PLOT; PLOT MINTENS * AGE = BAND;
PROC SORT DATA= ONE; BY BAND CONDI
PROC TTEST DATA = ONE; CLASS CONDI; BY BAND;
PROC SORT DATA= TWO; BY BAND CONDI;
PROC TTEST DATA=TWO; CLASS CONDI; BY BAND;
PROC SORT DATA = THREE; BY BAND CONDI;
PROC TTEST DATA = THREE; CLASS CONDI; BY BAND;
PROC SORT DATA = FOUR; BY BAND CONDI;
PROC TTEST DATA= FOUR; CLASS CONDI; BY BAND;
PROC SORT DATA = FIVE; BY BAND CONDI;
PROC TTEST DATA = FIVE; CLASS CONDI; BY BAND;
PROC SORT DATA = SIX; BY BAND CONDI;
PROC TTEST DATA = SIX; CLASS CONDI; BY BAND;
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