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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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Group of subjects Concentration of trace elements in hair (tAg/g) 

Copper Iron Zinc 
No. Mean :t_ S.D No. Mean ~ S.D. No. Mean =L S.D. 

1 Male subjects 
2. Female subjects 
3. Caucasian subjects 
4. Negro subjects 
5. Asiatic subjects 
6. Subjects under 14 years 
7. Subjects 14 years or more 
8. Hospital patients 
9. Apparently healthy subjects 

10. Subjects taking anti-malarials 
11. Subjects not taking anti-malarials 
12. Pregnant women 
13. Non-pregnant adult women 
14. Women taking oral contraceptives 
15. Non-pregnant adult women not taking oral contraceptives 
16. Hospitalized negro children with malnutrition. 
17. Healthy negro children 
18. Healthy caucasian children 

97 16-~= 9 74 31~217 97 184./66 
95 22-4-18 59 344-21 125 2054-93 
55 24./22 46 35+19 57 209-C98 

123 16./t-10 79 304-17 147 186• 
14 19:J= 8 8 39./28 18 228• 

115 19-t-13 78 314-15 136 1904-78 
77 18=[=18 54 35./4-23 86 205./90 
42 13./4- 7 20 26-/16 44 195+69 

150 20::t216 113 34./19 178 196./86 
10 23+13 10 534-12 10 1922t_61 

182 19./13 126 31./18 195 200./84 
27 18-4-14 17 254- 6 27 1584.85 
33 19~212 24 30./17 65 198=[=82 
16 38./16 15 32./12 16 1944-65 
17 18q-10 13 314-15 41 2074-95 
12 13./11 11 30~=16 12 152::t238 
43 164- 9 38 304-16 59 1984-85 
44 20./11 32 33./19 52 217::t=58 

M a l n o u r i s h e d  negro  ch i ldren  h a d  lower levels  in ha i r  t h a n  
h e a l t h y  negro  ch i ld ren  (P  < 0.02) a n d  v e r y  m u c h  lower 
levels  t h a n  h e a l t h y  c a u c a s i a n  ch i ld ren  (P  < 0.002). 

Cons ider ing  t h e  resu l t s  on all t h r ee  e l emen t s ,  it  is appa -  
r en t  t h a t  a large n u m b e r  of fac tors  inf luence  t he  ha i r  con- 
c e n t r a t i o n  of t r ace  e lements ,  t h o u g h  each  e l e m e n t  is affect-  
ed b y  d i f fe ren t  factors .  Copper  is in f luenced  by  sex, e thn ic  
origins,  hea l th ,  m a l n u t r i t i o n ,  or t he  t a k i n g  of oral  con t ra -  
cept ives .  I ron  is s ign i f i can t ly  c h a n g e d  on ly  by  t he  t a k i n g  
of an t i -m a l a r i a l s  (usual ly  p y r i m e t h a m i n e ) ,  while  zinc is 
i n f luenced  b y  e thn ic  origin, m a l n u t r i t i o n ,  or p r e g n a n c y .  
I n d i v i d u a l  v a r i a t i o n s  w i th in  a g roup  are large for all t h ree  
e l e m e n t s  a n d  i t  is d o u b t f u l  if m e a s u r e m e n t s  of t r ace  ele- 

m e n t s  in ha i r  could  be of a n y  va lue  as a d iagnos t ic  aid, 
t h o u g h  t h e y  could  p rov ide  i n f o r m a t i o n  in s u r v e y s  of large 
groups .  

Zusammen/assung. Es  w e r d e n  K or r e l a t i one n  zwischen  
d e m  S p u r e l e m e n t g e h a l t  des  m e n s c h l i c h e n  H a a r e s  und  ver-  
s ch iedenen  phys io log i schen  u n d  pa tho log i s c he n  F a k t o r e n  
herges te l l t .  
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S u r  l ' a b s e n c e  de  b i o s y n t h ~ s e  d e s  s t 6 r o l s  e t  du  s q u a l ~ n e  c h e z  u n  c o e l e n t 6 r 6  ( a n t h o z o a i r e ) ,  l ' a n 6 m o n e  
de  m e r  Calliactis parasitica 

I1 es t  co n n u  que  les insec tes  n ' e f f e c t u e n t  pa s  de bio- 
s y n t h 6 s e  , e x  novo~ des  st6rols  5, pa r t i r  de l ' a c 6 t a t e l ;  le 
choles t6rol  qu i  leur  es t  i nd i spensab le  p r o v i e n t  soi t  de leur  
nou r r i t u r e ,  soi t  de la d6g rada t i on  de la cha ine  la t6ra le  des 
p h y t o s t 6 r o l s  1,3. Cet te  s i t u a t i o n  ne  p e u t  c e p e n d a n t  6tre 
g6n6ralis6e ~, t o u s l e s  inver t6br6s .  P lu s i eu r s  m o l l u s q u e s  
(Helix pomatia, Arion ru/us, Planorbius corneus, Limnea 
stagnalis, Patella coerulea, etc.) s e ra i en t  capab les  de syn-  
t h6 t i s e r  le choles t6rol  3, 4. R 6 c e m m e n t  5, il a 6t6 m o n t r 6  que  
les g o n a d e s  et  l ' h @ a t o p a n c r 6 a s  de ApIysia depilans 
s y n t h 6 t i s e n t  le choles t6rol  h p a r t i r  de l ' a c6 ta t e  et  p e u v e n t  
le t r a n s f o r m e r  en cort icost6roides .  Les  6toiles de m e r  
Asterias rubens et  Solaster papposus i n co rpo ren t  le m6va -  
l ona t e  d a n s  le squal6ne ,  le l anos t6ro l  et  le 5~-cholest6ne-7 
ol-3/5% D a n s  d ' a u t r e s  cas 3, 4, une  b i o s y n t h 6 s e  du  squa l6ne  
a 6t6 observ6e  alors  que  l ' a n i m a l  ne  p a r a i t  pas  capab le  de le 
t r a n s f o r m e r  en cholest6rol .  N o t o n s  que  le n o m b r e  des 
espbces 6tudi6es  es t  t rbs r e s t r e in t  et  q a ' u n e  g6n6ra l i sa t ion  
en fonc t ion  des fami l les  ou des  classes n ' e s t  pa s  encore  pos- 
sible. N o u s  a v o n s  p r 6 c 6 d e m m e n t  cons t a t6  l ' absence  de 
s y n t h 6 s e  des  s t6rols  e t  du  squa l~ne  chez  l ' H o l o t h u r i e  
Stichopus ]aponicus 4; n o u s  r epo r tons  ici les r6 su l t a t s  d ' u n  

t r a va i l  parall61e effectu6 avec  l ' a n 6 m o n e  de m e r  Calliactis 
parasitica. R a p p e l o n s  que  cet  a n i m a l  c on t i e n t  u n  p i g m e n t  
azot6 par t icul ier ,  la ca l l iac t ine  7. L ' a b s e n c e  de b io syn th6se  
du  cholest6rol  e t  du  squa l6ne  a 6t6 6tabl ie  chez u n  a u t r e  
coelent6r6 m a i s  a p p a r t e n a n t  ~ une  classe diff6rente,  la 
m6duse  Rhizostoma (scyphozoaire)  S. 
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