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Lecture 
Magnetic Resonance Spectroscopy of the Brain 

OSMUND REYNOLDS 

Department of Paediatrics, University College London, London, 
England 

Magnetic resmance spectroscopy can be used t o  measure the in- 
trace1 l u l a r  ccncentrat im o f  metabol ites, and intracel l u l a r  pH, 
inside the organs o f  the body (12). The technique therefore shows 
great promise f o r  the exploration o f  metabolic processes, and since 
it i s  nm-invasive and apparently safe (6) i t  i s  par t icu lar ly  sui- 
ted t o  the investigation o f  infants and children. 

The phenmnm o f  magnet l c  resmance i n  bulk matter was f 1 r s t  
described i n  1946, idependent l y  by two groups o f  workers led by 
Bloch, and Purcel I, who as a resul t  o f  the i  r discovery were awarded 
the Nobel pr ize for physics I n  1952 (see Andrew (3) f o r  review). 
Subsequently , mgnet lc  resmarce spectroscopy has becaw very 
widely used i n  laboratory physics and chemistry, but it i s  m l y  i n  
the last few years that  studies o f  l l v i n g  anlmals and h m  subjects 
have becaw feasible. Thls developnent depended cn the productim 
of large and p m r f u l  superconducting magnets that  are necessary 
fo r  the p rov is im o f  a su f f i c ien t l y  strong uniform magnetic f i e l d  
(16). The pr inc ip le of the technique depends m the tendency of 
cer ta in atanic n lc le !  wl th magnetic m n t s  (notably 31P, AH, 13C, 
23Na and 19F), t o  l i ne  up a l m g  the f i e l d .  This alignment can be 
disturbed by applying a suitable radiofrequency pulse a t  r i gh t  ang- 
les t o  the magnetic f ie ld.  When the pulse ceases, the nuclei return 
t o  the i r  previous a l i g m n t  and i n  so doing emit a radiofrequency 
signal which can be detected. The exact frequency o f  the signal 
depends m the chemical carpand i n  which the nuclei reslde, and 
the signal- intensity i s  propor t imal  t o  cmcentrat im.  I n  practice, 
the part of the body t o  be examined i s  nonml ly  placed wi th in the 
horizontal bore of the magnet. and a successim of radiofrequency 
pulses i s  transmitted by a surface coi l ,  whlch also acts as an aer- 
i a l  t o  detect the signals returning f r a n  the tissue (1). These sig- 
nals are then processed t o  opt imise signal - tono ise  ra t  lo. The a t w  
mic nucleus m s t  c m l y  studied so fa r  i n  the l i v i n g  organism i s  
31P, largely because the cmcentrat ims of phosphorus carpands that  
are inportant i n  energy metabol ism can be measured, notably those 
of adenosine triphosphate (ATP), phosphocreatine (PCr) and inorga- 
n i c  orthophosphate (Pi); moreover, intracel l u l a r  pH <pHi) can be 
calculated frcm the frequency o f  the Pi resmance (12). The f i r s t  
t issue t o  be studied I n  deta i l  i n  man, i n  1980, was skeletal rmscle, 
because the 20-cm bore o f  the f i r s t  suitable magnets was suf f lc ient-  
l y  large t o  a c c w a t e  a limb. Much new i n f o m t i m  has been ac- 
quired about the energetics o f  rmscle cmcent ra t im <24), and the 
technique has also been used t o  diagnose a d  investigate disorders 
of rmscle metabolism, including phosphorylase deficiency (McArdle's 
syndrane) and phosphofructoklnase deficiency (11,201. 

The bra in i n  newborn infants 

The inpetus t o  study newborn infants arose frcm evidence that 
the major cause of neurodevelopnental d i s a b i l i t i e s  i n  infants who 
require intensive care I s  cerebral hypoxic-ischaemic Injury. Since 
a l t e r a t i m s  i n  the 'high-energy' phosphorus metabolites and i n  pHl 
are t o  be expected i n  c m d i t  i m s  where oxidat ive phosphorylat im 
i s  disrupted, 31P magnet i c  resmance spectroscopy offered the pro- 
spect of exploring the pathogenesis and cmsequences o f  hypoxic- 
ischaemic injury, as well  as assessing the eff icacy o f  preventive 
strategies and treatment. Furthemre, the possibi l i t y  o f  obtaining 
h igh-resolut im spectra frcm protons ClH), 13C and other atmic nuc- 
l e i  appeared t o  open up a rcute towards the nm-lnvasive diagnosis 
and invest igat ia ,  o f  inborn errors of mtabolism. Since the bore 
o f  the avai lable magnet was su f f i c ien t l y  large t o  acknit an adult 
I imb, it seenzd l i kely that a newborn infant could also be success- 
f u l l y  studied. Follcwing p i l o t  invest igat ims m experimental anl- 
mals (101, and the deve lomnt  o f  a transport system whlch a l l m d  
infants t o  be studied safely (9), 31P spectra have since 1982 been 
obtained at the University College Lmdm (UCL) frcm the brains of 
m r e  t h m  90 babies, of ten studled m several occasims C6,17,18>. 
Similar work i s  mder way i n  Phlladelphia (23). The resul ts  frcm 
UCL may be surmarised as f o l  lws: 

Normal infants. Spectral peaks at t r ibutable t o  ATP, PCr, Pi, and 
phosphodiesters plus phosphollplds were easi ly detectable fran the 
tenporo-parietal cortex o f  normal infants, together w i th  a large 
peak resmat ing i n  the phosphanmcester reg lm of the spectrun, vhich 
i s  thought t o  be at t r ibutable t o  phosphoethwolanine (131, a major 
precursor of &rane phospholipid m d  rnyelln. The cmcent ra t lmof  
t h i s  metabolite increased ( re lat ive t o  the other phosphorus meta- 
bol i tes) w i th  decreaslng gestat imal  age and f e l l  wi th increasing 
postnatal age. L i t t l e  appears t o  be present i n  the adult hunan 

brain (5). The ccncentrat im of phosphmcester has been shom I n  
the bra in of the newborn r a t  t o  f a l l  t o  adult levels over the f i r s t  
m n t h  of l i f e  (22). I t s  presence i s  therefore c lear ly  related t o  
brain rraturatim. The mean PCr/Pi r a t i o  i n  the term infant's bra in 
was 1.35%~ 0.22 <n=6) and mean PCr/ATP was 1 . O l f O .  14 (13-6). These 
ra t  10s are indices o f  the phosphorylat i m potential o r  'energy stare' 
o f  the t issue and were lcw carpared wi th expected values f o r  adult 
bra in (21); they f e l l  fur ther  wi th decreaslng gestat imal  maturi ty 
(14). I n  the rat, the ra t ios  have been sham t o  increase t o  adult 
values over the f i r s t  weeks o f  l i f e  (22). Mean pH1 I n  the term in- 
fants was 7.14*0.10 (n-61. 

B i r t h  asphyxia. Ten term infants who had been severly asphyxla- 
ted during del ivery were repeatedly studied during the f i r s t  days 
o f  l i f e  (17). Intr iguingly, the spectra appeared normal o r  almost 
so m the f i r s t  day; but la te r  PCr f e l l  and Pi Increased, causing 
a f a l l  i n  PCr/Pi r a t i o  t o  0.6&0.34 between the secmd and n in th  
days (p<0.001 versus normal infants). No other abnormalities were 
seen i n  the spectra. When PCr/PI was minimal, mean pH1 was 7.17 * 
0.10. PCr/Pi subsequently returned towards normal i n  the surviving 
infants. Part of the explanatim f o r  the lay PCr/Pi r a t i o  i s  I ike-  
l y  t o  be that the in t racel lu lar  cmcent ra t im o f  adenosine diphos- 
phate was raised due t o  impaired oxidative phosphorylat im (1 7,18)~ 
The observat la, o f  w apparent latent period a f te r  b i r t h  before 
PCr/Pi f e l l  suggests the poss ib i l i t y  o f  ef fect ive ear ly  treatment 
i n  b i r t h  asphyxiated i n f w t s  before i r revers ib le energy f a i l u r e  
develops. An animal model o f  b i r t h  asphyxia has therefore been esta- 
b l  ished, i n  the newborn lab, so that  m r e  can be learnt about the 
mechanisms of energy fai lure, and interventions can be tested (19). 

Other infants. Infants wi th a variety of other c m d i t i m s  have 
been studied (18). Nonml spectra were found in, for  exarple, in- 
fants wl th Moebius, Prader-Wl 11 i and Pfei f f e r  syndranes, polycyth- 
aemia, mi I d  ventr icular distensim, and establ ished cerebral atrophy. 
Abnormal spectra w i th  PCr/PI ra t ios  below the normal range were de- 
tected i n  infants wi th increased cerebral echodensities progressing 
t o  periventr icular leukcmalacia and cerebral i n f a r c t i m  <14), and 
i n  infants wi th periventr icular haenwrrhage and post-haenwrrhagic 
hydrocephalus. Two i n f m t s  w i th  inborn errors of metabolism, pro- 
p icn ic  acidaemia and arginosuccinic acidamla, both o f  which cause 
sericus interference wi th the t r icarboxyl ic  acid cycle, had gross 
dep le t im of PCr and ATP, and a p r o f m d  lnt racel lu lar  acidosis 
(pHI 6.41 and 6.45). L i t t l e  I s  k n m  of the mechanism of neurolo- 
gical disturbances associated wi th inborn errors of anino-acid 
metabolism. Very recently, it has been shcun that  the in t racel lu-  
l a r  ccncentrat im of m e  amino-acid, hist idine, can be measured by 
1H spectroscopy i n  the bra in of the muse w i th  ccngenital h i s t id ln -  
aemia: measurmnt of l n t race l lu la r  phenylalmine levels should 
also shor t ly  becaw feasible (8). The e x p l o i t a t i m  o f  1H m d  13C 
spectroscopy <2,4) may be expected t o  make a cmslderable inpact a) 
the elucidaticn of metabolic abnormalities In the bra in m d  other 
organs of infants w i th  inborn errors. 

Prognosis. Assigfm=nt o f  prognosis i s  o f  major concern I n  neo- 
natal intensive care units. 0.1 present evidence, it appears that  
whatever the diagnosis very lcw PCr/Pi ra t ios  are incarpat lb lewl th 
normal recovery o f  intracel l u l a r  metabol ism m d  are associated wl t h  
a bad prognosis f o r  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 i nhe r i t ed  disorders o f  hemoglobin i n  man. While the hemo- 
globinopathias exh ib i t  q u a l i t a t i v e  changes of the g lob in  molecule, 
the thalassemias resu l t  from an imbalance i n  a- and non-a-globin 
chain product ion. I n  recent years the s t ruc tu ra l  features o f  the 
normal human g lob in  genes as w e l l  as the molecular les ions i n  
several  hemoglobinopathias and many forms o f  thalassemias have 
been determined by the app l i ca t i on  o f  recombinant DNA technology. 
While g l ob in  gene de le t ions are the predominant underly ing 
molecular defects i n  a-thalassemia ayndroms, the major i ty  o f  
hemoglobinopathias and B-thalassemias are due t o  po in t  mutations 
w i t h i n  the respect ive g lob in  gene regions. 

For diagnost ic purposes the i d e n t i f i c a t i o n  of mutant genes 
i n  c e l l u l a r  DNA i s  t heo re t i ca l l y  poss ib le  because o f  the d i r ec t  
or  i n d i r e c t  s p e c i f i c i t y  of r e s t r i c t i o n  enzymes. A d i r ec t  i den t i -  
f i c a t i o n  of the defec t ive  gene can be made i f  the mutat ion 
changed an enzyme's cleavage s i t e  and thus changes the normal DNA 
r e s t r i c t i o n  pat tern .  For example, t he  d i r ec t  detec t ion o f  the 
s i c k l e  c e l l  gene w i t h  r e s t r i c t i o n  enzyme Mst I 1  and the hemo- 
g lob in  (Hb) M Milwaukee gene w i t h  Sst I have recent ly  been des- 
c r i bed  (10,9,2,3,7). An i n d i r e c t  i d e n t i f i c a t i o n  of chromosomes 
tha t  car ry  a mutant gene r e l i e s  on the presence o f  i nhe r i t ed  DNA 
sequence polymorphisms w i t h i n  the c e l l u l a r  genome, g i v i ng  r i s e  
t o  va r i a t i ons  i n  r e s t r i c t i o n  s i t es .  Examples of t h i s  i n d i r e c t  
d iagnost ic  procedure are the i d e n t i f i c a t i o n  of defec t ive  D-globin 
genes, causing hemoglobinopathias (e.g. Hb Freiburg, Hb Koln, 
Hb Presbyter ian (8,4,5) or  P-thalassemias (1,B)). 

A t h i r d  p o s s i b i l i t y  t o  i den t i f y  chromosomes car ry ing po in t  
mutat ions or  smal l  de le t ions r e l i e s  on o l igonuc leot ide mapping 
procedures t ha t  have successful ly been appl ied for diagnosis of 
some hemoglobinopathias and thalassemias. Here genotype ana lys is  
r e l i e s  on the detec t ion o f  normal homozygotes, heterozygotes and 
defec t ive  homozygotes exh ib i t i ng  the respect ive three sets  o f  
intense, intermediate and missing band s igna ls  upon hyb r i d i za t i on  
w i t h  o l igonuc leot ides complementary t o  the normal or the mutated 
gene sequence. These experimental cond i t ions can a lso  be used i n  
diseases w i t h  an autosomal dominant inher i tance pa t t e rn  as i n  
the Hb Fre iburg  disorder,  where normal homozygotes can be d i f f e r -  
en t i a ted  from Hb Fre iburg  pa t i en t s  (Horst e t  a l .  unpublished). 

A l l  these methods have been app l ied for pre- and postnata l  
d iagnost ic  purposes. I n  genet ic counse l l ing  they have been used 
together w i t h  chorion biopsy or  amniocentesis t o  provide prenata l  
diagnosis i n  f am i l i es  a t  r i s k .  I n  the case o f  a-thalassemias 
prenata l  diagnosis might only be app l ied t o  permit a mother w i t h  
a fe tus  w i t h  hydrops f e t a l i s  t o  choose whether t o  car ry  the fe tus  
through the f u l l  9 month of pregnancy. However, together w i t h  
hematological and family s tud ies  DNA-analysis data are espec ia l ly  
usefu l  t o  d i f f e ren t i a te  between a-thalassem~a-1 and a-thalasse- 
mia-2 pa t i en t s  and thus t o  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 

Nufield Department of Clinical Medicine, John Radclzffe 
Hospital, Oxford OX3 9DU 

The nu ta t i ons  f o r  Duchenne nuscular dystrophy (DMD) and Becker 
nuscular dystrophy (BW) have been l oca l i sed  t o  the sa-re r e g i m  
of t he  short  arm of t he  humn X c h r m s a w  a t  Xp21 by l lnkage 
ana lys is  t o  b r i dg ing  CNA m r k e r s  (1,2,3). Linkage s tud ies  shau t h z t  
t he  frequency of r e c m b i n a t l m  between w r k e r s  i n  t h i s  r e g i m  i n  
t he  f am i l i es  segregating f o r  these d isorders  i s  h i gh  (4,5,6). b e  
marker i n  p a r t i c u l a r  i s  deleted i n  both  a pa t i en t  s u f f e r i n g  frm 
E+D, chron ic  g r a n u l m t o u s  disease and r e t i n i t i s  pigmentosa (7) 
and i n  a pa t i en t  su f f e r i ng  frcm M D  and g l yce ro l  kinase def ic ien-  
cy  (8). The former has a v i s i b l e  cytogenet ic d e l e t i m .  This marker 
i s  l i nked  a t  app rox im te l y  lOcM f r a t h e  M locus <5,6). An ad- 
d i t i m a l  marker m the  opposite s ide o f  t he  WD and BMD l o c i  a l s o  
w i t h i n  Xp21 I s  l i nked  a t  a s i m i l a r  genet ic distance (9). Althcugh 
these two markers together can nau be used f o r  antenatal  diagnosis 
(TO), m l y  a few faml 1 ies  can be helped. b r e  c l ose l y  I inked are  
being I den t i f i ed .  

St ra teg ies  are  nau being developed t o  i so la te  a d d i t l m a l  se- 
quences l oca l i sed  w i t h i n  these d e l e t i m s  (11). These approaches 
should eventua l ly  lead t o  the i d e n t i f l c a t l c n  o f  t he  rmlecu lar  
bas is  of M*D and BMD and permit  t he  i n v e s t l g a t i m  o f  t he  observed 
h igh  r m t a t i m  r a t e  and the degree of heterogeneity o f  t he  m t a t i c n s  
a t  t he  CNA leve l .  
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