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Im Anschluss  an die fr t iheren Befunde  tiber die Ab- 
n a h m e  des ATP-Geha l t es  im Alter  4 und der  wahrschein-  
lich dadurch  bed ing ten  Reduk t ion  der K P - R e s e r v e n  ~ 
kann  a n g e n o m m e n  werden,  dass diese St6rung durch  die 
~ n d e r u n g  der A T P - R e s y n t h e s e  bedingt  ist. 

Summary.  The ac t iv i ty  of aldolase and succ ina tdehy-  
drogenase  (SDH) in whi te  and  red skeletal  muscle of 
young (3-7 months)  and  old (20-30 months)  ra ts  has  been 
de termined.  In  addi t ion  also the  S D H  of l iver was measur-  
ed. The ac t iv i ty  of aldolase is h igher  in whi te  t h a n  in red 
muscles, while SDH shows a h igher  ac t iv i ty  in red  t h a n  in 

whi te  muscles. The ac t iv i ty  of aldolase is no t  inf luenced 
by  ageing in whi te  muscles, bu t  decreased in red muscles  
by  23%. In  old animals  the  ac t iv i ty  of S D H  is 34% less in 
whi te  and  52% less in red muscles. In  l iver the  ac t iv i ty  is 
44% Iess. The significance of these changes  for the  energy  
me tabo l i sm of skeletal  muscle  is discussed. 
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The Presence  of Isocitrate Lyase and Malate Synthase  Activity in Germinat ing  Ginkgo biloba seeds  1, 

The glyoxyla te  cycle has been  found opera t ive  in bac- 
te r iaa ,  algae 4, fungi 5, conifers~ and  ang iospermsL This 
cycle provides  a mechan i sm for the  convers ion of fats  into 
sugar. In  the  a t t e m p t  to d e m o n s t r a t e  t h a t  th is  metabol ic  
p a t h w a y  is very  s t r ic t ly  associated wi th  high levels of li- 
pids in the  t issue and t h a t  the  cycle migh t  be considered 
an ances t ra l  mechan i sm of u t i l iza t ion of fats, we invest i -  
ga ted  the  lipid con ten t  of Ginkgo biloba seeds, a t  0 t ime  of 
germinat ion.  Subsequen t ly  we s tud ied  the  presence of the  
two key enzymes  of the  cycle, the  isoci trate  lyase (EC 
4.1.3.1) and mala te  syn thase  (EC 4.1.3.2) in seedlings 8 cm 
long. 

Moreover,  the  f a t t y  acids compos i t ion  of the  tr iglyce- 
r ide fract ions is inves t iga ted  and  compared  to the  com- 
pos i t ion  of species where  the  cycle has been  found to be 
operat ive,  in order  to provide  a possible corre la t ion be- 
tween  the  enzymes  assayed and the  mater ia l  t h e y  are utiliz- 
ing as subs t ra te .  

I t  is in te res t ing  to  under l ine  t h a t  the  G. biloba t ree be- 
longs to a divis ion of the  Ginkgophi ta  which goes back  to  
the  carboniferous and the  G. biloba is the  only  l iving Gink- 
gophi ta  s. 

Experimental.  Culture of G. biloba. At 0 t ime of germi- 
nat ion,  the  seeds depr ived  of the  sarco tes ta  and sclero- 
t e s t a  were used for l ipid de te rmina t ions .  For  the  enzyme 
assay, the  seeds w i thou t  sa rco tes ta  bu t  wi th  sclerotesta,  
were cu l t iva ted  in a chambe r  a t  cons t an t  t e m p e r a t u r e  of 
25 ~ in t he  dark  on mois tened  sand.  The proper  q u a n t i t y  
of water  was added  to insure comple te  imbib i t ion  and nor- 
mal  germinat ion.  At  the  des idered  t ime  of germinat ion ,  
the  mater ia l  was collected and used for enzyme determi-  
nat ions .  

Lipids extraction and determination. For  the  ex t rac t ion  
of lipid mater ia l ,  we adop ted  the  me thod  of FOLCH et a12. 
A small  a l iquot  of l ipid ex t r ac t  was w i t h d r a w n  and eva- 
pora ted  in a oven at  60 ~ for 20 h to ob ta in  the  weigh t  of 
to ta l  lipids. For  the  separa t ion  of the  lipid classes, we 
used the  th in- layer  c h r o m a t o g r a p h y  as descr ibed by  MA- 
LINS and MANGOLD 10. The t r ig lycer ide  and phosphol ip id  
f ract ions  were assayed af ter  scraping f rom the  p la te  by  the  
me thods  of CARLSON n and MARTIN et al. 12, respect ively.  
The f a t t y  acid compos i t ion  of t r ig lycer ide  fract ions were 
ob ta ined  by  gas ch roma tog raph ic  analysis.  

Enzymes extraction and determination. The enzymat i c  
ex t rac t s  were p repa red  by  the  m e t h o d  of FIRENZUOLI et  
al. 6. I soc i t ra te  lyase and mala te  syn thase  were assayed at  
25 ~ wi th  cont inuous  opt ical  m e t h o d  13 s l ight ly  modif ied  
by  us e . 

Protein determination. The to ta l  p ro te ins  of the  enzyme 
ex t rac t  were de t e rmined  by  the  b iure t  m e t h o d  according 
tO BEISENHERz et al. x4. 

Results and discussion. In  Table i (a) are repor ted  the  
levels of to ta l  l ipids and of 2 f ract ions more  represen ta t ive  
and  ob ta ined  by  th in- layer  ch roma tography .  I t  is ev iden t  
t h a t  the  seeds a t  0 t ime of germina t ion  are mos t ly  r ich of 
t r iglyceride.  

The act ivi t ies  of 2 key-enzymes  of g lyoxyla te  cycle in 
seedlings 8 cm long are repor ted  in Table I (b). The h ighes t  
values are those of the  isoci trate  lyase. Table  I I  shows the  
f a t t y  acid composi t ions  of the  t r iglycer ide fraction.  Evi-  
dent ly ,  t he  s a tu ra t ed  f a t t y  acids are q u an t i t a t i v e l y  less 
represented ,  unsa tu r a t ed  f a t t y  acids are p r edominan t .  
The mos t  a b u n d a n t  unsa tu ra t ed  f a t t y  acids are linoleic 
and  oleic acids; these  values of G. biloba compared  wi th  
those  of the  2 species show t h a t  a lways C18:1 and C18:2 
are p r e d o m i n a n t  f a t t y  acids and also linoleic is the  mos t  
r ep resen ted  one; the  ra t io  C18: 1/C 18:2, s tud ied  in all 
species, is a lmost  cons tan t .  These da t a  m a y  indica te  the  
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Table I. Lipid content, glyoxylate cycle enzymes and proteins in 
seeds (a) and in seedlings (b) of Gingt~o biloba 

a) Seeds 
Total lipid Triglyeerides Phospholipids 

19.1 14.6 1.7 

b) Seedlings 
Isocitrate lyase Malate Syntase Proteins 

3.7 28.2 12.2 

Total lipid, triglycerides and phospholipids are expressed as rng/g 
fresh wt. Two enzymes as [xmoles of substrate transformed per h • g 
fresh wt.; proteins as mg/g fresh wt. 

exis tence of some corre la t ion among  the  ope ra t iv i ty  of 
cycle and  the  levels of oleic and  linoleic acids,  these  can 
p robab ly  provide  the  main  carbon  source;  f rom these re- 
suits i t  is ev iden t  t h a t  tile g lyoxy la te  cycle is opera t ive  
dur ing  ge rmina t ion  of G. biloba seeds. F inal ly  f rom a com- 
para t ive  po in t  of view, the presence  of the  cycle in G. bi- 
loba ances t ra l  p l an t  and  its absence in Mammal ia  ~, 18 in 
Graminacee  1~ could conf i rm t h a t  his cycle represents  a 
p r imi t ive  metabol ic  p a t h w a y  for l ipids uti l izat ion.  

Riassunto,  Si ~ d i m o s t r a t a  la presenza  del ciclo del gl ios-  
silato du ran te  la germinazione di semi di Ginkgo biloba. Iso- 
citrico liasi e mala to  sintasi ,  e due  enzimi chiave del ciclo, 
sono s ta t i  messi  in ev idenza  in piant icel le  di 8 cm. Le at t i -  
v i t~  dei due  enzimi  sono invece assent i  nel seme dove ele- 
va to  6 il con tenu to  in lipidi. Tra  gli acidi grassi  i pi6 rap-  
p resen ta t i  sono l 'oleico e i l  linoleico. 

Table II. Fatty acid composition of the triglyceride fractions of 3 
species that use the glyoxylate cycle 

Fatty acids Ginkgo biloba Pinus pinea A bies alba 
seeds (%) seeds 8 (%) seeds ~ (%) 
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16:0 7.2 6.6 3.8 
16:1 4.7 0.4 0.7 
18:0 0.9 3.4 2.1 
18 : 1 36.0 37.5 30.3 
19:0 2.3 -- 5.0 
18 : 2 43.0 46.8 42.1 
20:0 0.6 0.7 13.1 
18:3 3.5 1.4 0.6 
18:2 

18:1 1.1 1.2 1.4 
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T r a c e  E l e m e n t s  in  H u m a n  H a i r  

I t  has  been  known for m a n y  years  t h a t  h u m a n  hair  con- 
ta ins  a complex  mix tu r e  of t race minera l  e lements l ,  b u t  
l i t t le  is k n o w n  of t he  physiological  and  pathological  pro- 
cesses t h a t  de t e rmine  the  concen t ra t ion  in hai r  of a par t i -  
cular e lement .  We  have  therefore  de t e rmined  the  concen- 
t r a t ion  of copper,  iron and zinc in hair  f rom a large group 
of people,  t h e n  ana lyzed  our results  to  de te rmine  the  ef- 
fects, if any,  of age, sex, e thnic  origin, diet, p regnancy ,  
heal th ,  and  pharmaceu t i ca l s  on each e lement .  

A p p r o x i m a t e l y  1.0 g scalp hair  f rom the  occipi tal  region 
was t aken  f rom 222 persons  living in the  Lusaka  area. E a c h  
person  was in te rv iewed  to ob ta in  full personal  and  medical  
details.  The hai r  was washed  in the  l abora to ry  wi th  non- 
ionic de t e rgen t  or pur i f ied d ie thy le the r  3, dried overn igh t  
a t  110 ~ then  ashed a t  520 ~ for 8 h. The ash was dissolv- 
ed in the  m i n i m u m  a m o u n t  of concen t ra t ion  HC1 and the  
copper,  iron and  zinc concen t ra t ions  of the  solut ion mea- 
sured by  a tomic  a b s o r p t i o n  s p e c t r o m e t r y  (Unicam 
SP900A). Recover ies  were 95 to i 02% and reproducib i l i ty  

3% for each e lement .  Not  all e lements  were measured  
on each hair  specimen,  bu t  222 results  were ob ta ined  for 
zinc, 192 for copper,  and  133 for iron. 

The Table  gives a b reakdown of our f indings  for each 
e lement ,  expressed  as m e a n  and s t anda rd  dev ia t ion  of 
par t i cu la r  groups,  d iv ided  by  age, sex, e thnic  origins, 
hea l th  s ta tus ,  etc. T- tes t s  were conduc ted  to  assess t he  
significance of any  a p p a r e n t  differences.  

For  copper  in hair ,  females  are higher  t h a n  males  
( P  < 0.002), and caucasians  higher  t h a n  negroes 
(P  < 0.002). H e a l t h y  subjec ts  have  higher  values t h a n  
hospi ta l ized pa t i en t s  ( P  < 0.002), i r respect ive of the  t ype  
of illness. W o m e n  t ak ing  oral con t racep t ives  had  values 
s t r ik ingly higher  t h a n  o ther  adul t  women  (P  < 0.001). 

The only factor  a p p a r e n t l y  influencing iron in hair  was 
the  tak ing  of ant i -malar ia ls  (P  < 0.002 when  compared  to  
t he  rest  of the  s t u d y  and  P < 0.001 when compared  wi th  
a ma t ch ed  group of s imilar  people  not  tak ing  these drugs). 
This resul t  m a y  be a ref lect ion of be t t e r  iron stores, for 
Lusaka  is a malar ia  region and anemia  due to th is  disease 
is co mn mn  in unp ro t ec t ed  people. 

E thn ic  origin inf luenced zinc in hair  ,with asiatics giving 
the  h ighes t  resul ts  and  negroes  the  lowest ( P  < 0.05 for 
th is  difference). Ha i r  zinc con ten t  is low in p regnancy ;  a 
fact  r epor ted  by  ano the r  worker  a. This is p robab ly  a re- 
f lect ion of the  lowered p lasma  zinc level dur ing p regnancy  4. 
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