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Hypothalamic digoxin-mediated model for subacute
sclerosing panencephalitis
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The isoprenoid pathway including endogenous digoxin was assessed in sub-
acute sclerosing panencephalitis (SSPE). This was also studied for comparison
in patients with right hemispheric and left hemispheric dominance. The fol-
lowing parameters were measured in patients with SSPE and in individuals
with right hemispheric, left hemispheric and bihemispheric dominance—(a)
plasma HMG CoA reductase, digoxin, dolichol, ubiquinone, and magnesium
levels; (b) tryptophan/tyrosine catabolic patterns; (c) free-radical metabolism;
(d) glycoconjugate metabolism; and (e) membrane composition and RBC mem-
brane Na+ -K+ ATPase activity. The isoprenoid pathway was upregulated with
increased digoxin synthesis in patients with SSPE and in those with right
hemispheric dominance. In this group of patients: (a) the tryptophan catabo-
lites were increased and the tyrosine catabolites reduced; (b) the dolichol
and glycoconjugate levels were elevated; (c) lysosomal stability was reduced;
(d) ubiquinone levels were low and free-radical levels increased; and (e) the
membrane cholesterol:phospholipid ratios were increased and membrane gly-
coconjugates reduced. On the other hand, in patients with left hemispheric
dominance the reverse patterns were obtained. The upregulated isoprenoid
pathway and hypothalamic digoxin are involved in the pathogenesis of SSPE.
SSPE occurs in right hemispheric chemically dominant individuals and a
pathogenetic model for SSPE implicating hypothalamic digoxin is proposed.
Journal of NeuroVirology (2002) 8, 326–334.
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Introduction

The hypothalamus produces an endogenous mem-
brane NaC-KC ATPase inhibitor, digoxin, which is a
steroidal glycoside (Haupert, 1989). Digoxin is syn-
thesised by the isoprenoid pathway (Ravi Kumar
et al, 2001). Increased levels of digoxin has been doc-
umented in immune diseases such as Kawasaki’s dis-
ease (Tamura et al, 1992). A viral infective theory
for Kawasaki’s disease has been postulated by sev-
eral groups of workers. Membrane NaC-KC ATPase in-
hibition leads to immune stimulation and increased
in CD4/CD8 ratios as exempli�ed by the action of
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lithium (Gorman and Locke, 1989). Digoxin can also
modulate amino acid and neurotransmitter transport
(Hisaka et al, 1990). Saito has reported increased ac-
tivities of the tryptophan catabolic kynurenine path-
way in various tissues following systemic immune
stimulation, in conjunction with macrophage in�l-
tration of the affected tissues (Saito et al, 1993).
These results suggest that kynurenine metabolites
may have some connection with immune response.
Previous reports have demonstrated induction of in-
doleamine 2,3-dioxygenase and increased produc-
tion of quinolinic acid in immune-mediated dis-
eases by the action of interferons (Wallace et al,
1996). The isoprenoid pathway produces two other
metabolites–ubiquinone and dolichol—important in
cellular metabolism (Goldstein and Brown, 1990).
Ubiquinone functions as a free-radical scavenger
and dolichol is important in N-glycosylation of
proteins.
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Table 1 Concentration of serum digoxin, dolichol, magnesium, and ubiquinone and RBC membrane NaC-KC ATPase activity

HMG CoA
Reductase ratio of Digoxin Dolichol Ubiquinone NaC-K C ATPase Magnesium

Groups HMG CoA/mevalonate (ng/dl) (¹g/dl) (¹g/dl) (¹g/pi/mg protein) (mg/dl)

Control (1) 1.15 § 0.12 14.80 § 1.09 39.1 § 2.36 120.2 § 8.65 3.04 § 0.221 1.98 § 0.24
SSPE (2) 0.89 § 0.06a 29.95 § 2.36a 44.2 § 1.98a 86.8 § 5.6a 1.05 § 0.12a 1.03 § 0.11a

Mean of the values of 15 samples § SD.
Group 2 has been compared with group 1.
aP < 0:01.

It was therefore considered pertinent to study di-
goxin status and digoxin synthesis in SSPE (subacute
sclerosing panencephalitis). The glycoconjugate me-
tabolism, free-radical metabolism, and RBC mem-
brane composition were also studied in these groups
of diseases. These parameters were also studied in
patients with right hemispheric and left hemispheric
dominance in order to �nd the correlation between
hemispheric dominance and slow viral infection—
SSPE. The results are presented here.

Results

Serum HMG CoA reductase activity, serum digoxin,
and dolichol were increased in SSPE, indicating
upregulation of the isoprenoid pathway but serum
ubiquinone, magnesium, and RBC membrane NaC-
KC ATPase activity was reduced (see Table 1). Re-
sults showed that the concentration of tryptophan,
quinolinic acid, serotonin, strychnine, and nicotine
was found to be higher in the serum of patients
with SSPE while that of tyrosine, dopamine, and
norepinephrine was lower. There was no detectable
morphine in the serum of SSPE patients as seen in
Tables 2 and 3. Lipid peroxidation increased, as ev-
idenced from the increase in the concentration of
MDA, conjugated dienes, hydroperoxides, and NO,
with decreased antioxidant protection as indicated
by decrease in ubiquinone and reduced glutathione
in SSPE. The activity of enzymes involved in free-
radical scavenging such as superoxide dismutase,
glutathione peroxidase, glutathione reductase, and
catalase is decreased in SSPE, suggesting reduced
free-radical scavenging (see Table 4).

An increase was seen in the concentration of serum
total and individual GAG fractions, glycolipids, and
carbohydrate components of glycoproteins in SSPE.

Table 2 Tyrosine and tryptophan catabolic patterns

Tryptophan Tyrosine 5HT Dop Norepi QA
Group (mg/dl) (mg/dl) (¹g/dl) (ng/dl) (ng/dl) (ng/dl)

Control (1) 1.11 § 0.08 1.14 § 0.09 20.9 § 1.9 12.89 § 0.67 45.15 § 2.35 370.60 § 21.07
SSPE (2) 1.96 § 0.09a 0.883 § 0.05a 59.5 § 4.6a 8.53 § 0.53a 34.18 § 1.11a 659.34 § 41.21a

Mean of the values of 15 samples § SD.
Group 2 has been compared with group 1.
aP < 0:01.

The activity of GAG-degrading enzymes and that of
glycohydrolases showed signi�cant increase in the
serum in SSPE as shown in Tables 5 and 6.

The cholesterol:phospholipid ratio of the RBC
membrane was increased in SSPE. The concentration
of total GAG, hexose, and fucose content of glycopro-
tein decreased in the RBC membrane and increased
in the serum in SSPE, as seen in Table 7.

The results showed that serum HMG CoA reductase
activity serum digoxin and dolichol levels were in-
creased and serum ubiquinone, magnesium, and RBC
membrane NaC-KC ATPase activity were reduced
in left-handed/right-hemispheric dominant individ-
uals. The results also showed that serum HMG CoA
reductase activity, serum digoxin, and dolichol levels
were decreased, and serum ubiquinone, magnesium,
and RBC membrane NaC-KC ATPase activity were in-
creased in right-handed/left-hemispheric dominant
individuals. The results showed that the concen-
tration of tryptophan, quinolinic acid serotonin,
strychnine, and nicotine was found to be higher in
the serum of left-handed/right-hemispheric domi-
nant individuals while that of tyrosine, dopamine,
morphine, and norepinephrine was lower. The re-
sults also showed that the concentration of tryp-
tophan, quinolinic acid serotonin, strychnine, and
nicotine was found to be lower in the serum of
right-handed/left-hemispheric dominant individu-
als whereas that of tyrosine, dopamine, morphine,
and norepinephrine was higher. The bihemispheric
dominant group had intermediate values between
the right-hemispheric and left-hemispheric domi-
nant group. The bihemispheric dominant group may
have �uctuating dominance with cerebral dominance
interchanging between right-hemispheric and left
hemispheric. Therefore the biochemical values of
the bihemispheric dominant group may also �uctu-
ate between left-hemispheric and right-hemispheric
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Table 3 Tryptophan- and tyrosine-derived alkaloids in serum of
patients

Morphine Strychnine Nicotine
Groups (¹g/dl) (¹g/dl) (¹g/dl)

Control (1) ND ND ND
SSPE (2) ND 0.60 § 0.02a 5.28 § 0.21a

Mean of the values of 15 samples § SD.
Group 2 has been compared with group 1.
aP < 0:01.
ND—not detectable.

values. This may be the reason why many of the val-
ues for SSPE controls of the bihemispheric dominant
type are more similar to LH values in the second study
see Tables 8, 9, and 10.

Discussion

The increase in endogenous digoxin, a potent in-
hibitor of membrane NaC-KC ATPase, can decrease
this enzyme activity in SSPE. There was increased
synthesis of digoxin as evidenced by increased HMG
CoA reductase activity (Ravi Kumar et al, 2001). The
inhibition of NaC-KC ATPase by digoxin is known
to cause an increase in intracellular calcium result-
ing from increased NaC-CaCC exchange, which dis-
places magnesium from its binding site and causes a
decrease in the functional availability of magnesium
(Haga, 1992). This decrease in the availability of mag-
nesium can cause decreased mitochondrial ATP for-
mation that, along with low magnesium, can cause
further progressive inhibition of NaC-KC ATPase, be-
cause ATP-magnesium complex is the actual sub-
strate for this reaction. Low intracellular magnesium
and high intracellular calcium consequent to NaC-KC
ATPase inhibition appear to be crucial to the patho-
physiology of SSPE. Serum magnesium is reduced in
SSPE.

In SSPE, increased intracellular calcium conse-
quent to membrane NaC-KC ATPase inhibition ac-
tivates the calcium-dependent calcineurin signal
transduction pathway, which can produce T cell acti-
vation and secretion of interleukin 3, 4, 5, 6, and TNF
alpha (tumor necrosis factor alpha) (Finkel, 1991;
Ashkenazi and Dixit, 1998). This immune activation
can contribute to the genesis of SSPE.

There is a increase in tryptophan and its catabo-
lites and reduction in tyrosine and its catabolites
in the serum of patients with SSPE. This could be due
to the fact digoxin can regulate neutral amino acid
transport system with preferential promotion of tryp-
tophan transport over tyrosine (Hisaka et al, 1990).
In the presence of hypomagnesmia, the magnesium
block on the NMDA receptor is removed leading to
NMDA excitotoxicity (Greenamyre and Poter, 1994).
The elevated levels of quinolinic acid, strychnine,
and serotonin can also contribute to NMDA excito-
toxicity as they are positive modulators of the NMDA

receptor. NMDA excitotoxic mechanisms have been
postulated to contribute to neuronal death in SSPE.
Quinolinic acid has been implicated in immune acti-
vation in immune-mediated diseases and could con-
tribute to the same in SSPE (Felton et al, 1991). Sero-
tonin, dopamine, and noradrenaline receptors have
been demonstrated in the lymphocytes. It has been re-
ported that during immune activation serotonin is in-
creased with a corresponding reduction in dopamine
and noradrenaline and this can contribute to the im-
mune activation in SSPE (Carpenter and Buchanan,
1994). The schizoid neurotransmitter pattern of re-
duced dopamine, noradrenaline, and morphine and
increased serotonin, strychnine, and nicotine is com-
mon to SSPE and could predispose to its develop-
ment (Carpenter and Buchanan, 1994). A schizoid
type of personality could predispose to the develop-
ment of SSPE. SSPE can also have a neuropsychiatric
presentation.

The elevation in the level of dolichol in SSPE may
suggest its increased availability for N-glycosylation
of proteins. Magnesium de�ciency can lead on to
increased glycolipid and glycosaminoglycan synthe-
sis (Jaya and Kurup, 1986). Intracellular magnesium
de�ciency also results in defective ubiquitin depen-
dent proteolytic processing of glycoconjugates as it
requires magnesium for its function (Monia et al,
1990). The increase in the activity of glycohydro-
lases and GAG-degrading enzymes could be due to
reduced lysosomal stability and consequent leakage
of lysosomal enzymes into the serum. The increase
in the concentration of carbohydrate components of
glycoproteins and GAG in spite of increased activity
of many glycohydrolases may be due to their possi-
ble resistance to cleavage by glycohydrolases/GAG-
degrading enzymes consequent to qualitative change
in their structure. The protein-processing defect can
result in defective glycosylation of endogenous neu-
ronal glycoprotein antigens and exogenous viral gly-
coprotein antigens with consequent defective forma-
tion of MHC-antigen complex (Ploegh, 1998). The
MHC-linked peptide transporter, a P-glycoprotein
that transports MHC-antigen complex to the antigen
presenting cell surface, has a ATP binding site. The
peptide transporter is dysfunctional in the presence
of magnesium de�ciency.

This results in defective transport of MHC class-
1 glycoprotein antigen complex to the antigen-
presenting cell surface for recognition by CD4 or CD8
cell. Defective presentation of exogenous viral anti-
gens can produce immune evasion by the virus as in
SSPE. A number of fucose- and sialic acid-containing
natural ligands are involved in traf�cking of leuko-
cytes and similar breaches in blood–brain barrier
and resultant adhesion and traf�cking of the lympho-
cyte and extravasation in to the perivascular space
have been described in the brain in SSPE (Linstinsky
et al, 1998). The upregulation of isoprenoid path-
way can lead to increased cholesterol synthesis
and magnesium de�ciency can inhibit phospholipid
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Table 6 Lysosomal enzymes

¯ N-acetyl
Groups ¯ glucuronidase¤ hexosaminidase¤ Hyaluronidase¤¤ Cathepsin-D¤¤¤ ¯ galactosidase¤¤¤¤ ¯ fucosidase¤¤¤¤ ¯ glucosidase¤¤¤¤

Control (1) 59.52 § 5.26 2273 § 78.6 62.9 § 4.1 90.9 § 8.9 52.8 § 3.75 23.63 § 1.65 27.36 § 2.46
SSPE (2) 117.46 § 11.12a 3209 § 79.50a 241 § 6.89a 313.4 § 9.8a 96.09 § 7.98a 31.98 § 1.08a 39.85 § 2.39a

¤¹g p-nitrophenol/hr/g protein.
¤¤¹g N-acetyl glucosamine/hr/g protein.
¤¤¤¹g tyrosine/hr/g protein.
¤¤¤¤Values are expressed as ¹g p-nitrophenol/hr/mg protein.
Mean of the values of 15 samples in each group § SD.
Group 2 has been compared with group 1.
aP < 0:01:

Table 7 RBC membrane composition

Cholesterol:
Groups GAG¤ Hexose¤ Fucose¤ Cholesterol¤¤ Phospholipid¤¤ phospholipid

Control (1) 6.62 § 0.71 145.09 § 11.85 63.33 § 4.60 704.33 § 63.09 717.57 § 67.36 0.982 § 0.095
SSPE (2) 5.03 § 0.48a 50.65 § 4.38a 28.03 § 2.37a 824.47 § 33.06b 604.96 § 73.30a 1.26 § 0.061a

¤¹g/mg protein.
¤¤nmol/mg protein.
Mean of the values from 15 samples in each group § SD.
Group 2 has compared with group 1.
aP < 0:01.
b0:05 · P · 0:01.

Table 8 Concentration of serum digoxin, dolichol, magnesium ubiquinone and RBC membrane NaC -KC ATPase activity—hemispheric
dominance

HMG CoA
Reductase ratio of Digoxin Dolichol Ubiquinone NaC-K C ATPase Magnesium

Groups HMG CoA/mevalonate (ng/dl) (¹g/dl) (¹g/dl) (¹g/pi/mg protein) (mg/dl)

LH Dom (1) 2.12 § 0.12a 7.80 § 0.06a 36.1 § 2.36a 142.1 § 8.65a 5.02 § 0.220a 3.16 § 0.24a

Bihem Dom (2) 1.14 § 0.08 14.80 § 1.01 63.8 § 2.96 86.40 § 5.91 3.01 § 0.18 1.92 § 0.13
RH Dom (3) 0.68 § 0.07a 30.95 § 2.19a 90.2 § 3.63a 42.8 § 2.12a 1.06 § 0.120a 1.06 § 0.11a

Mean of the values from 15 samples § SD.
Groups 1 and 3 have been compared with group 2.
aP < 0:01
LH Dom—Left hemispheric dominant.
RH Dom—Right hemispheric dominant.
Bihem Dom—Bihemispheric dominant.

Table 9 Tyrosine and tryptophan catabolic patterns—hemispheric dominance

Tryptophan Tyrosine 5HT Dop Norepi QA
Group (mg/dl) (mg/dl) (¹g/dl) (ng/dl) (ng/dl) (ng/dl)

LH Dom (1) 1.13 § 0.09a 1.15 § 0.08a 17.9 § 1.8a 11.72 § 0.62a 42.10 § 2.30a 362.28 § 51.63a

Bihem Dom (2) 2.02 § 0.05 0.840 § 0.06 43.9 § 1.9 8.72 § 0.42 30.56 § 1.32 632.52 § 49.42
RH Dom (3) 3.96 § 0.08a 0.142 § 0.06a 52.66 § 2.2a 4.92 § 0.42a 21.19 § 1.32a 790.28 § 41.32a

Mean of the values from 15 samples § SD.
Groups 1 and 3 has been compared with group 2.
aP < 0:01.
5 HT–Serotonin, Dop–Dopamine, Norepi–Norepinephrine, QA–Quinolinic acid.
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Table 10 Tryptophan- and tyrosine-derived alkaloids—
hemispheric dominance

Morphine Strychnine Nicotine
Groups (¹g/dl) (¹g/dl) (¹g/dl)

LH Dom (1) 7.56 § 0.56a ND ND
Bihem Dom (2) ND ND ND
RH Dom (3) ND 0.92 § 0.02a 6.28 § 0.24a

Values are mean § SD of 15 cases in each group.
ND–not detectable.
Mean of the values of samples § SD.
Groups 1 and 3 have been compared with group 2.
aP < 0:01.

synthesis in SSPE. Phospholipid degradation is in-
creased due to an increase in intracellular calcium
activating phospholipase A2 and D. The choles-
terol:phospholipid ratio of the RBC membrane was
increased in SSPE. The concentration of total GAG,
hexose, and fucose of glycoprotein decreased in the
RBC membrane and increased in the serum suggest-
ing their reduced incorporation into the membrane
and defective membrane formation. This traf�cking
of the glycoconjugates and lipids that are synthesised
in the endoplasmic reticulum–golgi complex to the
cell membrane depends upon GTPases and lipid ki-
nases that are crucially dependent on magnesium and
are defective in magnesium de�ciency (Wiedemann
and Cockcroft, 1998). The change in membrane struc-
ture produced by alteration in glycoconjugates and
cholesterol:phospholipid ratio can produce changes
in the conformation of NaC-KC ATPase, resulting in
further membrane NaC-KC ATPase inhibition. The
same changes can affect the structure of lysosomal
membrane. The results in defective lysosomal stabil-
ity and leakage of glycohydrolases and GAG degrad-
ing enzymes into the serum.

The concentration of ubiquinone decreased sig-
ni�cantly in SSPE, which may be the result of low
tyrosine levels, reported in most of the disorders,
consequent to digoxin’s effect in preferentially pro-
moting tryptophan transport over tyrosine (Hisaka
et al, 1990). The aromatic ring portion of ubiquinone
is derived from tyrosine. Ubiquinone, which is a
important component of the mitochondrial electron
transport chain, is a membrane antioxidant and con-
tributes to free-radical scavenging. The increase in
intracellular calcium can open the mitochondrial PT
pore, causing a collapse of the hydrogen gradient
across the inner membrane and uncoupling of the
respiratory chain (Green and Reed, 1998). Intracellu-
lar magnesium de�ciency can lead to a defect in the
function of ATP synthase. All this leads to defects
in mitochondrial oxidative phosphorylation, incom-
plete reduction of oxygen, and generation of superox-
ide, which produces lipid peroxidation. Ubiquinone
de�ciency also leads to reduced free-radical scav-
enging. The increase in intracellular calcium may
lead to increased generation of NO by inducing the
enzyme nitric oxide synthase that combines with

superoxide radical to form peroxynitrite. Increased
intracellular calcium also can activate phospholi-
pase A2, resulting in increased generation of arachi-
donic acid that can undergo increased lipid peroxi-
dation. Increased generation of free radicals such as
the superoxide ion and hydroxyl radical can produce
lipid peroxidation and cell membrane damage that
can further inactivate NaC-KC ATPase, triggering the
cycle of free-radical generation once again. Magne-
sium de�ciency can affect glutathione synthetase and
glutathione reductase function. The mitochondrial
superoxide dismutase leaks out and becomes dys-
functional with calcium-related opening of the mito-
chondrial PT pore and outer membrane rupture. The
peroxisomal membrane is defective due to membrane
NaC-KC ATPase inhibition-related defect in mem-
brane formation and leads to reduced catalase ac-
tivity. Mitochondrial dysfunction-related free-radical
generation has been implicated in the pathogenesis
of immune-mediated diseases such as SSPE (Jacob,
1994; Olanow and Arendash, 1994). The increased
intracellular calcium- and ceramide-related opening
of the mitochondrial PT pore also leads to volume
dysregulation of the mitochondria, causing hyperos-
molality of the matrix and expansion of the matrix
space. The outer membrane of the mitochondria rup-
tures and releases apoptosis inducing factor and cy-
tochrome C into the cytoplasm. This results in acti-
vation of caspase-9, which can produce apoptosis of
the cell (Green and Reed, 1998). Apoptosis has been
implicated in the genesis of cell death in neuronal
degeneration and probably also in SSPE.

The hemispheric dominance part of the study was
done separately. The biochemical patterns observed
in SSPE correlates with those obtained in right-
hemispheric dominance. Right-hemispheric domi-
nant individuals had elevated HMG CoA reductase
activity and increased digoxin and dolichol levels.
They also had reduced plasma magnesium levels,
ubiquinone levels, and RBC membrane NaC-KC AT-
Pase activity. The tryptophan catabolites were in-
creased and tyrosine catabolites reduced. The left-
hemispheric dominant individuals had the opposite
biochemical patterns. The bihemispheric dominant
group had intermediate values between the right-
hemispheric and left-hemispheric dominant group.
The bihemispheric dominant group may have �uc-
tuating dominance with cerebral dominance inter-
changing between right hemispheric and left hemi-
spheric. This may be the reason why many of
the values for SSPE controls of the bihemispheric
dominant type are more similar to LH values in
the second study. The hemispheric dominance part
of the study was done separately and indepen-
dent of the SSPE study. All the 15 SSPE patients
were right-handed and left-hemispheric dominant
by the dichotic listening test, but all of them had
biochemical patterns similar to right hemispheric
dominance. Therefore, right-hemispheric and left-
hemispheric chemical dominance may not correlate
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with handedness and the �ndings of the dichotic lis-
tening test.

The type of chemical hemispheric dominance
is important in the regulation of immunity. Thus
the immune mechanisms and the response to an
invading bacteria/virus differ in the hypo- and hy-
perdigoxinemic state. The hypodigoxinemic state is
associated with immunosuppression, but there is no
viral persistence in the hypodigoxinemic state. The
hyperdigoxinemic state is associated with immuno-
activation and viral persistence as in the case of
SSPE. Elevated levels of plasma digoxin levels and an
upregulated isoprenoid pathway have been demon-
strated in autoimmune diseases such as CNS-lupus
by our group (Ravi Kumar et al, 1998). The hyperdi-
goxinemic state is an immune dysregulatory state
with immune activation, viral persistence, and au-
toimmunity. Similarly, hyperdigoxinemia has been
described by our group in degenerative disorders
like Parkinson’s disease. Digoxin administration has
also been demonstrated to lead to neuronal degener-
ation in experimental rats. Therefore the increase in
hypothalamic digoxin could be the cause and not the
effect of apoptosis (Ravi Kumar et al, 2001).
Geschwind and Behan (1982) postulated a relation-
ship between cerebral lateralization and immune
function. They observed a high frequency of left-
handedness in patients with immune disorders.
Bardos et al (1981) demonstrated that lesions of
the left neocortex in mice depress T-cell immunity,
whereas lesions of right neocortex enhance T-cell im-
munity. These earlier reports are in agreement with
our studies. Hypothalamic digoxin and hemispheric
dominance may regulate immune function.

Materials and methods

The cerebral dominance study and the SSPE study
were done separately. The following groups were in-
cluded in the study (1) 15 cases of SSPE—8 males
and 7 females between the ages of 10–20 years (CSF
measles antibody-positive/characteristic EEG); (2)
15 patients each with left-handed/right-hemispheric
dominance, right-handed/left-hemispheric domi-
nance, and ambidextrous/bihemispheric dominance,
respectively, detected by the dichotic listening test—
8 males and 7 females in each group between the
ages of 10–20 years. The dichotic listening test was
performed by using headphones to transmit 2 dif-
ferent auditory signals to the right and left ear at
the same time. The individuals are asked to indicate
which de�nitive sound he or she has perceived. If
the sound in the left ear alone is perceived, the in-
dividual is right-hemispheric dominant. If the sound
in the right ear alone is perceived, the individual is
left-hemispheric dominant. If both the sound in the
right and left ear are perceived simultaneously, the
individual is bihemispheric dominant. The dichotic
listening test was chosen for the purpose as it was

done as a screening test in the general healthy pop-
ulation. The dichotic listening test has a sensitivity
of nearly 75% when combined with data regarding
handedness of the person (Ketz, 1985). All 15 patients
with SSPE were right-handed and left-hemispheric
dominant by the dichotic listening test; (3) Each
patient with SSPE had an age- and sex-matched
bihemispheric dominant healthy control. The bi-
hemispheric dominant group may have �uctuating
dominance with cerebral dominance interchanging
between right hemispheric and left hemispheric.

Permission was obtained from the Ethics Commit-
tee of the institute as well as informed consent from
the patients/relatives for the study. None of the sub-
jects studied was under medication at the time of re-
moval of blood. It is possible that medications such
as anticonvulsants may have an effect on the various
metabolic parameters studied including membrane
NaC-KC ATPase. This was the reason why freshly
detected patients were selected for the study before
treatment modalities were initiated. Fasting blood
was removed in citrate tubes from each of the num-
ber of patients mentioned previously. RBCs were sep-
arated within 1 h of collection of blood for the esti-
mation of membrane NaC-KC ATPase. Serum/plasma
was used for the analysis of various parameters. Each
biochemical analysis was performed twice in a single
patient. The mean of the values of 15 samples § SD
was calculated from the data.

The methodology used in the study were as fol-
lows: All biochemicals used in this study were ob-
tained from Sigma Chemicals, USA. Activity of HMG
CoA reductase of the serum was determined by the
method of Rao and Ramakrishnan (1975) by deter-
mining the ratio of HMG CoA to mevalonate. For
the determination of the RBC NaC-KC ATPase activ-
ity of the erythrocyte membrane, the procedure de-
scribed by Wallach and Kamath (1966) was used.
Digoxin in the serum was determined by the proce-
dure described by Arun et al (1998a). For estimation
of ubiquinone and dolichol in the serum, the pro-
cedure described by Palmer et al (1984) was used.
Magnesium in the serum was estimated by atomic
absorption spectrophotometry (Price, 1985). Trypto-
phan was estimated by the method of Bloxam and
Warren (1974) and tyrosine by the method of Wong
et al (1964). Serotonin was estimated by the method
of Curzon and Green (1970) and catecholamines by
the method of Well-Malherbe (1971). Quinolinic acid
content of serum was estimated by HPLC (C18 col-
umn micro Bondapak 4:6 £ 140 mm), solvent system
0.01 M acetate buffer (pH 3.0) and methanol (6:4),
�ow rate 1.0 ml/minute and detection UV 250 nm).
Morphine, strychnine, and nicotine were estimated
by the method described by Arun et al (1998b). De-
tails of the procedures used for the estimation of to-
tal and individual GAG, carbohydrate components
of glycoproteins, activity of enzymes involved in
the degradation of GAG, and activity of glycohydro-
lases were described before (Manoj and Kurup, 1998).
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Serum glycolipids were estimated as described in
Methods in Enzymology (Lowenstein, 1969). Choles-
terol was estimated by using commercial kits sup-
plied by Sigma Chemicals, USA. SOD was assayed
by the method of Nishikimi et al as modi�ed by
Kakkar et al (1984). Catalase activity was estimated by
the method of Maehly and Chance (1971), glutathione
peroxidase by the method of Paglia and Valentine
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