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Magnetic Resonance Spectroscopy of the Brain
OSMUND REYNOLDS

Department of Paediatrics, University College London, London,
England

Magnetic resonance spectroscopy can be used to measure the in-
tracellular concentration of metabolites, and Intracellular pH,
inside the organs of the body (12). The technique therefore shows
great promise for the exploration of metabolic processes, and since
it Is non-invasive and apparently safe (6) it Is particularly sul-
ted to the Investigation of infants and chlldren.

The phenomenon of magnetic resonance in bulk matter was first
described in 1946, Idependently by two groups of workers led by
Bloch, and Purcell, who as a result of their discovery were awarded
the Nobel prize for physics In 1952 (see Andrew (3) for review).
Subsequently , magnetlc resonance spectroscopy has become very
widely used in laboratory physics and chemistry, but it is only in
the last few years that studies of llving animals and human subjects
have become feaslible. This development depended on the production
of large and powerful superconducting magnets that are necessary
for the provision of a sufficiently strong uniform magnetic field
(16). The principle of the technique depends on the tendency of
certaln atomic nucle! with magnetic moments (notably 31P, .1H, 13C,
23Na and 19F), to line up along the field. This alignment can be
disturbed by applying a suitable radiofrequency pulse at right ang-
les to the magnetic fleld. When the pulse ceases, the nuclel retum
to their previous alignment and in so doing emit a radiofreguency
signal which can be detected. The exact frequency of the signal
depends on the chemical compound in which the nuclei reside, and
the signal-intensity is proportional to concentration. In practice,
the part of the body to be examined Is normally placed within the
horizontal bore of the magnet. and a succession of radiofrequency
pulses is transmitted by a surface coll, which also acts as an aer—
ial to detect the signals retuming fram the tissue (1). These sig-
nals are then processed to optimise signal-tonoise ratio. The ato-
mic nucleus most commonly studied so far in the 1lving organism Is
31P, largely because the concentrations of phosphorus compounds that
are Important in energy metabolism can be measured, notably those
of adenosine triphosphate (ATP), phosphocreatine (PCr) and inorga-
nic orthophosphate (Pi); moreover, intracellular pH (pH;) can be
calculated fram the frequency of the Pi resonance (12). The first
tissue to be studied in detall in man, in 1980, was skeletal muscle,
because the 20-cm bore of the first suitable magnets was sufficient-
1y large to accommodate a 1imb. Much new information has been ac-
quired about the energetics of muscie concentration (24), and the
technique has also been used to diagnose and investigate disorders
of muscle metabolism, including phosphorylase deficliency (McArdle’s
syndrame) and phosphofructokinase deficiency (11,20).

The braln in newborm infants

The impetus to study newbom infants arose from evidence that
the major cause of neurodevelopmental disabllities in infants who
require intenslve care is cerebral hypoxic-ischaemic injury. Since
alterations in the ’high-energy’ phosphorus metabollites and in pH;
are to be expected in conditions where oxidative phosphorylation
is disrupted, 31P magnetic resonance spectroscopy offered the pro-
spect of exploring the pathogenesis and consequences of hypoxic—
ischaemic injury, as well as assessing the efficacy of preventive
strateglies and treatment. Furthermore, the possibility of obtalning
high-resolution spectra from protons (1H), 13C and other atmic nuc-—
lel appeared to open up a route towards the non-invasive diagnosis
and Investigation of inborn errors of metabolism. Since the bore
of the available magnet was sufficiently large to admit an adult
Tlmb, it seemedlikely that a newborn infant could also be success-
fully studied. Following pllot investigations on experimental ani-
mais (10), and the development of a transport system which allowed
Infants to be studled safely (9), 31P spectra have since 1982 been
obtalned at the Unlversity College London (UCL) from the brains of
more than 90 babies, often studied on several occasions (6,17,18).
Similar work Is under way in Philadelphia (23). The results from
UCL may be sumarised as follws:

Normal infants. Spectral peaks attributable to ATP, PCr, Pi, and
phosphodiesters plus phospholipids were easily detectable from the
temporo-parietal cortex of normal infants, together with a large
peak resonating in the phosphomoncester reglon of the spectrum, which
is thought to be attributable to phosphoethanolamine (13), a major
precursor of membrane phosphollpid and myelin. The concentration of
this metabolite increased (relative to the other phosphorus meta-
bolites) with decreasing gestational age and fell with increasing
postnatal age. Little appears to be present in the adult human
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brain (5). The concentration of phosphomoncester has been shown In
the brain of the newborn rat to fall to adult levels over the first
month of life (22). Its presence is therefore clearly related to
brain maturation. The mean PCr/Pi ratio in the term Infant’s brain
was 1.35¥SD 0.22 (n=6) and mean PCr/ATP was 1.01%0.14 (n=6). These

ratios are indices of the phosphorylation potential or ’energy state’
of the tissue and were low compared with expected values for adult
brain (21); they fell further with decreasing gestational maturity
(14). In the rat, the ratlos have been shom to Increase to adult
values over the first weeks of life (22). Mean pHj In the tem in-
fants was 7.14%0.10 (n=6).

Birth asphyxia. Ten temm Infants who had been severly asphyxia-
ted during delivery were repeatedly studied during the first days
of 11fe (17). Intrigulngly, the spectra appeared normal or almost
so on the flrst day; but later, PCr fell and Pl Increased, causing
a fall In PCr/Pi ratio to 0.68%0.34 between the second and ninth
days (p<0.001 versus normal infants). No other abnormalitles were
seen In the spectra. When PCr/Pi was minimal, mean pHj was 7.17 *
0.10. PCr/Pi subsequently retumed towards normal in the surviving
infants. Part of the explanation for the low PCr/PI ratio is like-
ly to be that the Intracellular concentration of adenosine diphos-
phate was raised due to impaired oxidative phosphorylation (17,18
The observation of an apparent latent perlod after birth before
PCr/Pi fell suggests the possibility of effective early treatment
in birth asphyxiated Infants before irreversible energy fallure
develops. An animal model of birth asphyxia has therefore been esta-
blished, in the newborn lamb, so that more can be leamt about the
mechanisms of energy fallure, and interventlons can be tested (19D

Other infants. Infants with a variety of other conditions have
been studied (18). Normal spectra were found in, for example, in-
fants with Moeblus, Prader-Wi11i and Pfeiffer syndrames, polycyth-
aemia, mild ventricular distension, and established cerebral atrophy.
Abnormal spectra with PCr/Pi ratios below the normal range were de~
tected in Infants with increased cerebral echodensitles progressing
to periventricular leukomalacia and cerebral infarction (14), and
in infants with periventricular haemorrhage and post-haemorrhagic
hydrocephalus. Two Infants with inbom errors of metabollsm, pro-
pionic acidaemia and arginosuccinic acidaemia, both of which cause
serious interference with the tricarboxylic aclid cycle, had gross
depletion of PCr and ATP, and a profound Intracetlular acidosis
(pH; 6.41 and 6.45). Little is known of the mechanlsms of neurolo-
gical disturbances assoclated with Inborn errors of amino-acid
metabolism. Very recently, it has been shown that the Intracellu-
lar concentration of one amino-acid, histidine, can be measured by
1H spectroscopy in the brain of the mouse with congenital histidin-
aemia; measurement of Intracellular phenylalanine levels should
also shortly become feasible (8). The exploitation of 1H and 13C
spectroscopy (2,4) may be expected to make a conslderable impact on
the elucidation of metabolic abnormalitles In the brain and other
organs of infants with Inbom errors.

Prognosis. Assignment of prognosls is of major concermn In neo-
natal intensive care units. On present evidence, it appears that
whatever the diagnoslts very low PCr/Pi ratlos are incompatible with
normal recovery of intraceltular metabolism and are assoclatedwith
a bad prognosis for normal survival (15).
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DNA Polymorphism and Detection of Genetic

and Infectious Diseases

DNA-Diagnosis of Hemoglobinopathias and
Thalassemias

JURGEN HORST

Human Genetics Institute, University of Muenster, Muenster,

BRD

Hemoglobinopathias and thalassemias are the two major types
of inherited disorders of hemeglobin in man. While the hemo-
globinopathias exhibit qualitative changes of the globin molecule,
the thalassemias result from an imbalance in a- and non-a-globin
chain production. In recent years the structural features of the
normal human globin genes as well as the molecular lesions in
several. hemoglobinopathias and many forms of thalassemias have
been determined by the application of recombinant DNA technology.
While globin gene deletions are the predominant underlying
molecular defects in a-thalassemia syndroms, the majority of
hemoglobinopathias and p-thalassemias are due to point mutations
within the respective globin gene regions.

For diagnostic purposes the identification of mutant genes
in cellular DNA is theoretically possible because of the direct
or indirect specificity of restriction enzymes. A direct identi-
fication of the defective gene can be made if the mutation
changed an enzyme's cleavage site and thus changes the normal DNA
restriction pattern. For example, the direct detection of the
sickle cell gene with restriction enzyme Mst II and the hemo-
globin (Hb) M Milwaukee gene with Sst I have recently been des-
cribed (10,9,2,3,7). An indirect identification of chromosomes
that carry a mutant gene relies on the presence of inherited DNA
sequence polymorphisms within the cellular genome, giving rise
to variations in restriction sites. Examples of this indirect
diagnostic procedure are the identification of defective B-globin
genes, causing hemoglobinopathias (e.g. Hb Freiburg, Hb Kéln,

Hb Presbyterian (8,4,5) or p-thalassemias (1,8)).

A third possibility to identify chromosomes carrying point
mutations or small deletions relies on oligonucleotide mapping
procedures that have successfully been applied for diagnosis of
some hemoglobinopathias and thalassemias. Here genotype analysis
relies on the detection of normal homozygotes, heterozygotes and
defective homozygotes exhibiting the respective three sets of
intense, intermediate and missing band signals upon hybridization
with oligonucleotides complementary to the normal or the mutated
gene sequence. These experimental conditions can also be used in
diseases with an autosomal dominant inheritance pattern as in
the Hb Freiburg disorder, where normal homozygotes can be differ-
entiated from Hb Freiburg patients (Horst et al. unpublished).

All these methods have been applied for pre- and postnatal
diagnostic purposes. In genetic counselling they have been used
together with chorion biopsy or amniocentesis to provide prenatal
diagnosis in families at risk. In the case of a-thalassemias
prenatal diagnosis might only be applied to permit a mother with
a fetus with hydrops fetalis to choose whether to carry the fetus
through the full 9 month of pregnancy. However, together with
hematological and family studies DNA-analysis data are especially
useful to differentiate between a-thalassemia-1 and a-thalasse-
mia-2 patients and thus to determine the exact diagnosis (6).
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Molecular genetics of the X-linked muscular dystrophies
KAY DAVIES, SARAH BALL, HUW DORKINS,

SUSAN FORREST, SUSAN KENWRICK,

ISABELLE LAVENIR, SUSAN McGLADE, TERRY

SMITH AND LYNN WILSON

Nuffield Department of Clinical Medicine, John Radcliffe

Hospital, Oxford OX3 9DU

The mutations for Duchenne muscular dystrophy (DMD) and Becker

muscular dystrophy (BMD) have been localised to the same region

of

the short arm of the human X chromosome at Xp2t by linkage

analysis to bridging DNA markers (1,2,3). Linkage studies show thzt
the frequency of recambination between markers In this region in
the familles segregating for these disorders is high (4,5,6). One
marker in particular is deleted in both a patient suffering from
DMD, chronlic granulomatous disease and retinitis pigmentosa (7)

and In a patient suffering fram DMD and glycerol kinase deficien-

cy
Is

(8). The former has a visible cytogenetic deletion. This marker
linked at approximately 10cM from the DMD locus (5,6). An ad-

ditional marker on the opposite side of the DMD and 8MD 1locl also
within Xp21 Is linked at a similar genetlc distance (9). Although
these two markers together can now be used for antenatal diagnosis
(10), only a few families can be helped. More closely 1inked are
being identified.

Strategles are now being developed to isolate additional se-

quences localised within these deletions (11). These approaches
should eventually lead to the identification of the molecular

basis of DMD and BMD and permit the investigation of the observed
high mutation rate and the degree of heterogeneity of the mutations

at

1.

the DNA level.
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