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and s tored at  0 ~ 45 kg of th is  p l an t  mater ia l  was chopped  
and s t eam disti l led in ba tches  in an all glass sys tem for 3 h. 
The dist i l late  was ex t r ac t ed  wi th  anhydrous  e thy l  e ther  
which  was removed  in vacuo to  give 8.0 g of are essent ial  
oil. The to ta l  dist i l late,  which showed para lyz ing  ac t iv i ty ,  
was placed on a jacketed  Florisil  co lumn and eluted suc- 
cessively wi th  100% pen tane ,  5% e thy l  e ther  in pen tane ,  
15~o e thy l  e ther  in pen tane ,  50% e thyl  e ther  in pentane ,  
and  100% e thy l  ether .  Bioassay  s tudies  showed t h a t  
physiological  ac t iv i ty  resided in the  f ract ions  e luted wi th  
50% e thyl  e the r  in pen t ane  and 100% ethyl  ether .  

Separa t ion  of the  basic c o m p o n e n t s  of these  two frac- 
t ions  by  s t a n d a r d  t echn iques  and fu r ther  c h r o m a t o g r a p h y  
resul ted  in the  isolat ion of a base (5 rag) wi th  molecular  
formular  CsH17N (1.9%) f rom the  100% e thyl  e ther  
eluent .  The GLC, TLC and  mass  spec t rum of th is  base  
f rom S. /lava leaves were in comple te  ag reemen t  wi th  an 
au then t i c  sample  of confineS, 9. The 5 mos t  in tense  frag- 
m e n t  ion values  of the  mass  spec t rum of confine in order  
of decreasing relat ive abundance  wi th  the  proposed pa r en t  
ion s ix th  are a t  m/e 59, 39, 41, 99, 126, 127. 
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Confine (2-n-propylpiperdine) 

Bioassay procedures. The b ioassay  appa ra tus  consis ted 
of a f ibrous soxhle t  t h imb le  and a large tes t  tube  wi th  a 
d iamete r  jus t  large enough to  accomodate  the  th imble .  
The t h i mb l e  was impregna t ed  wi th  a solut ion of the  frac- 
t ion  to  be t e s t ed  and the  solvent  (ether or pentane)  was 
allowed to  comple te ly  evapora te .  The th imble  was placed 
in the  b o t t o m  of the  tube  and  10 fire an t s  were placed in 
the  b o t t o m  of the  th imble .  Para ly t ic  ac t iv i ty  was indicat -  
ed when  the  an ts  failed to  crawl out  of the  th imble .  
Th imbles  to  which  only  the  so lvent  had  been added  were  
used as controls.  
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Summary. Hepa t i c  CoA concen t ra t ions  and  con ten t s  were s ignif icant ly  higher  in ra t s  having  received i.v. CoA injec- 
t ions  t h a n  in control  rats.  M a x i m u m  hepa t ic  CoA concen t ra t ions  were found  0.5-1 h af ter  injection.  In  ra t  brain,  no 
increase in CoA concen t ra t ion  was de tec ted  af ter  i. v. in ject ion of CoA. 

In  a previous paper  a we have  shown t h a t  addi t ion  of 
Coenzyme A (CoA) and some of its precursors  led to an 
increase in the  O2-consumpt ion of ra t  liver slices. The CoA 
concen t ra t ion  in the  slices, however ,  only increased af ter  
addi t ion  of CoA itself or of dephospho-CoA (DPCoA). In  
this  paper,  the  results  of expe r imen t s  on in vivo up take  of 
i.v. admin is te red  CoA by  r a t  l iver and  brain  are presented .  
In  addi t ion,  we repor t  our  observa t ions  on the  rise in CoA 
concen t ra t ion  in ra t  l iver upon s ta rva t ion .  

Materials and methods, CoA (containing 80-85 % 
CoASH),  NAD, and the  enzymes  required for CoA de- 
t e rmina t ion  were purchased  f rom Boehringer ,  Mannheim.  

Female  whi te  ra ts  of 170-250 g b o d y  weight  were used. 
S ta rved  ra ts  were fasted for 16 h wi th  no res t r ic t ion  on 
wa te r  intake.  The CoA inject ions  were given into the  tai l  
vein. Each  ra t  received 10 I*moles CoA dissolved in 0.25 ml 
5% glucose in wa te r  and neut ra l ized  to a p H  of 6-7 wi th  
NaHCO a. Control  animals  received 0.05 ml  isotonic saline 
+0 .2  ml 5% glucose solution. 

CoA de t e rmina t i on  were  pe r fo rmed  as previously  a, 
using the  kinet ic  me thod  wi th  phospho t r ansace ty l a se  
descr ibed by  MICHAL et al. 4. Livers  and  brains  were homo-  
genized immedia te ly  af ter  decap i t a t ion  in 2 volumes  of 
wa te r  a t  0-4 ~ Dry  weights  were de te rmined  in the  homo-  
genates .  Pr ior  to  m e a s u r e m e n t  of CoA, the  homogena tes  
were deprote in ized wi th  perchlor ic  acid a t  a f inal  con- 
cen t ra t ion  of 0.4 M, and neut ra l ized  wi th  K2CO a. In  the  
resul t ing ex t rac t s  the  acid soluble f rac t ion of CoA, i.e. the  
sum. of CoASH, acetyl-CoA and  CoA disulfide, was 
de te rmined ,  the  la t t e r  hav ing  been  reduced by  means  of a 
p re incuba t ion  wi th  d i th ioery thr i to l .  

To de te rmine  concen t ra t ions  of to ta l  CoA, acid insoluble 
acyl-CoA was hydro lyzed  pr ior  to  deprote in iza t ion  b y  an 

incuba t ion  wi th  0.8 M N H  a and 0.02 M mercap toe thano l  
a t  room tempera tu re .  Direct  de te rmina t ions  of acyl-CoA 
in the  washed  prec ip i ta tes  f rom the  perchloric acid ex t rac-  
t ion resul ted in concent ra t ions ,  which cor responded fairly 
well to the  difference be tween  to ta l  CoA and acid soluble 
CoA. The CoA tissue concen t ra t ions  were no t  corrected 
for the  CoA con ten t  in blood as CoA de te rmina t ions  
revealed t h a t  the  CoA blood concen t ra t ions  1/~ h af ter  
in ject ion were of the  same magn i tude  as in un t r ea t ed  
animals,  namely  0.2-0.7 nmoles/ml .  

Results. The effect  of s t a rva t ion  on concen t ra t ion  and 
co n t en t  of CoA in ra t  liver. Our expe r imen t s  on up take  of 
CoA by  ra t  l iver slices 5 had  revealed t h a t  CoA concent ra-  
t ions  were sons iderably  h igher  in l ivers f rom s ta rved  t h a n  
in livers f rom fed rats.  A similar rise in hep ta t i c  CoA con- 
cen t ra t ion  following s t a rva t ion  has  been observed by  
o the r  au thors  6-s. 
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Table I. Concentration and content of CoA in livers from fed rats and rats starved for 16 h 
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Weight of liver Dry weight CoA concentration 
(g) (%) 

CoA content 

Acid sol. CoN Total CoA 
(nmoles/g dry wt.) (nmoles/g dry wt.) 

Acid sol. CoA Total CoA 
(~xmoles) (g.moles) 

Fed rats 8.6 zt- 0.7 30.6 • 0.8 430 5- 40 610 J_ 60 1.13 i 0.14 1.60 -~ 0.25 
Starved rats 5.7 -~ 0.6 30.0 :~ 1.3 800 -k 90 1 020 ~ 120 1.37 ~ 0.24 1.73 ~= 0.28 
p < 0.01 > 0.5 < 0.005 < 0.01 > 0.2 > 0.5 

The figures represent mean values from 3 animals j_ SE. Probabilities, calculated by simple t-test, are for significances in the differences 
between the 2 groups. 

In  order  to e l iminate  a possible influence of differences 
in food in take  upon  the  effect  of CoA inject ions on liver 
CoA, we found  i t  necessary  to examine  the  effect  of starva~ 
t ion  on CoA concen t ra t ion  in r a t  liver. A compar i son  of 
CoA concen t ra t ions  in l ivers f rom as few as 3 s ta rved  and 
3 fed ra ts  conf i rmed t h a t  the  concen t ra t ions  of acid soluble 
and to ta l  CoA were s ignifcant ly  h igher  in livers f rom s tarv-  
ed ra ts  (see Table I). However ,  t ak ing  account  of the  l iver 
weights ,  t h e  difference in CoA concen t ra t ion  seems to  f ind 
i ts  exp lana t ion  in a marked  weight  loss of r a t  l ivers dur-  
ing s t a rva t ion  for 16 h. As appears  from the  figures in 
Table I, no s ignif icant  difference exists  be tween  the  liver 
con ten t s  of to ta l  CoA in the  2 groups,  whereas  the  f rac t ion  
of acid insoluble CoA is dea r ly ,  t hough  no t  s ignif icantly,  
smaller  in l ivers f rom s ta rved  t h a n  in livers f rom fed rats .  

The surpr iz ingly  large difference be tween  the  weights  
of livers f rom fed ra ts  and  f rom ra ts  s t a rved  for a per iod 
of only  16 h, was fu r the r  examined  in a larger group of 
animals.  In  14 fed ra t s  of 210 g mean  b o d y  weight  (SE 
30 g) tl~e liver weigh t  cons t i t u t ed  3.9~o (SE 0.5~o ) of the  
body  weight .  In  9 s t a rved  ra ts  of 200 g mean  body  weight  
(SE 40 g), the  mean  l iver weight  was only 2.9% (SE 0.3%) 
of the  b o d y  weight .  The difference is h ighly  s ignif icant  
(p < 0.0Ol). 

Hepa t i c  and cerebral  CoA concen t ra t ions  and con ten t s  
in ra ts  af ter  i.v. admin i s t r a t i on  o5 CoA. 

Observa t ion  of a group of ra t s  for I week af ter  i.v. in- 
ject ion of 0.5-20 Ixmoles CoA revealed no adverse  effects 
of the  inject ions.  

To f ind the  t ime  lapse be tween  i.v. in ject ion o5 CoA and 
m a x i n m m  hepat ic  and cerebral  CoA concent ra t ion ,  CoA 
was de t e rmined  in livers and brains  f rom fed ra ts  killed 
a t  va ry ing  t ime in tervals  af te i  i.v. in ject ion of 10 ~zmoles 
CoA per  rat .  The CoA concen t ra t ion  in liver was e levated  
as compared  to  controls  in all ra t s  killed f rom 15 min  to 
7 h af ter  in ject ion of CoA. M a x i m u m  concen t ra t ions  of 

1.0 and 0.9 ~zmoles of to ta l  CoA per  g d ry  l iver were found  
af ter  30 and  60 min,  respect ively.  These concen t ra t ions  
were h igher  t h a n  ever  observed by  us in l ivers f rom un-  
t r ea t ed  fed rats.  On the  o ther  hand,  the  e levat ion  of 
hepa t ic  CoA concen t ra t ion  af ter  CoA inject ion was of t he  
same magn i tude  as t h a t  found af ter  s ta rva t ion .  In  brains ,  
no e levat ion of CoA concen t ra t ion  was observed on i.v. 
admin i s t r a t ion  of CoA. Concent ra t ions  of to ta l  CoA were 
0.17-0.22 ~zmoles/g d ry  weight .  

A fu r the r  inves t iga t ion  on the  rise of hepa t i c  CoA con- 
cen t ra t ion  af ter  i.v. CoA admin i s t r a t ion  was carried ou t  
by  de te rmin ing  CoA in l ivers f rom fed ra ts  killed 30 min  
af ter  in ject ion of 0.25 ml  solut ion conta in ing  10 or 0 
~zmoles CoA. Brain  CoA concen t ra t ions  were de t e rmined  
s imul taneously .  The results  f rom this  expe r imen t  are 
d isplayed in Table II .  i n  l ivers f rom ra ts  which  received 
CoA injections,  t he  concen t ra t ion  of acid soluble CoA was 
abou t  50% higher  t han  in livers f rom contro l  rats.  The 
liver concen t ra t ion  of to ta l  CoA was increased b y  the  
same amount ,  showing t h a t  the  concen t ra t ion  o5 aeyl- 
CoA was unaf fec ted  30 min  a f te r  admin i s t r a t ion  of CoA. 

Cont ra ry  to our f indings on un t r ea t ed  s t a rved  rats,  also 
the  con ten t s  of acid soluble and of to ta l  CoA were signifi- 
can t ly  higher  in l ivers f rom ra ts  hav ing  received CoA 
than  in livers f rom control  rats.  

In  brain,  no increase in CoA con ten t  or concen t ra t ion  
was observed af ter  admin i s t r a t ion  of CoA. 

Discus s io ,n .  F r o m  1962 to 1969, 20 pa t i en t s  wi th  endo-  
genous hepa t ic  coma of s tage 2-4 have  been  t r ea t ed  wi th  
infusions of CoA, NAD,  e-lipoic acid and th iamine  pyro-  
phospha te .  10 pa t i en t s  survived 9. This survival  ra te  is 
h igher  t han  t h a t  for pa t i en t s  no t  receiving specific 
t r e a t m e n t  10. An effect  of the  cofactors  is to  be expec ted  

9 H. Ttt6LEN, Klin. Wschr. 50, 296 (1972). 

Table II. Concentration and content of CoA in rat liver and brain 30 rain after i.v. injection of 55 and 0 ~zmoles CoA/kg, respectively 

Liver p Brain 

CoA injected (~moles/rat) 10 0 10 0 
Weight of organ (g) 6.7-~ 0.6 7.0=~ 0.7 >0.4  1.6 ~_ 0.1 1.7 :L 0.2 
Dryweight(% ) 30.6~_ 0.5 30.0-t_ 0.6 >0.1 21.6 ~ 0.6 21.3 zlz 0.3 
Total CoA concentration (nmoles/g dry wt.) 920 i 130 650 i 80 < 0.005 220 ~ 10 220 :~ 20 
CoAeontent(~zmoles) 1.90 -~ 0.32 1.38 -~ 0.21 < 0.01 0.076~z 0.007 0.081z t= 0.007 
Acid soluble CoA concentration 

(nlnoles/g dry wt.) 810 ~ 130 530 :J~ 70 < 0.001 180 ~ 10 170 jc: 20 
Acid solubleCoAeontent(~moles) 1.64 ~ 0.25 1.12 ~ 0 . 1 7  <0.005 0.061-L 0.004 0.063 qz 0.008 

Values are means • SE from determinations on 6 (liver) and 4 (brain) pairs of rats. Significances for differences between control and experi- 
mentaI animals are calculated by simple ~-test. 
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only  if one or more  of t h e m  or t he i r  d e g r a d a t i o n  p roduc t s  
p e r m e a t e  in to  t he  cells of t i le  t a r g e t  organs.  As to CoA, 
i ts  u p t a k e  b y  cells a f t e r  in v ivo  a d m i n i s t r a t i o n  has  n o t  
been  d e m o n s t r a t e d  un t i l  now. An in v i t ro  p e r m e a t i o n  of 
CoA or D P C o A  t h r o u g h  biological  m e m b r a n e s  has  been  
d e m o n s t r a t e d  b y  BREMER et  al. 11 on isola ted m i t o c h o n d r i a  
a n d  b y  us on  l iver  slices a, 5. 

The  e x p e r i m e n t s  r epo r t ed  here  d e m o n s t r a t e  a signif- 
i c an t  e l eva t ion  of hepa t i c  CoA in r a t s  a f te r  i.v. a d m i n i s t r a -  
t i o n  of CoA. B o t h  c o n c e n t r a t i o n  a n d  c o n t e n t  of CoA in  
l iver  were increased  b y  a b o u t  40%,  co r respond ing  to 5% 
of the  a m o u n t  in jec ted .  Since no rise in CoA blood con-  
c e n t r a t i o n  could be  d e m o n s t r a t e d  a f te r  CoA inject ion,  t h e  
g r adua l  increase  in h e p a t i c  CoA c o n c e n t r a t i o n  du r ing  t he  
f i rs t  15-60 m i n  a f t e r  in j ec t ion  seems no t  to  be  caused b y  a 
p e r m e a t i o n  in to  l iver  cells of i n t a c t  CoA, b u t  r a t h e r  b y  
some d e g r a d a t i o n  p roduc t ,  poss ib ly  DPCoA.  

I n  r a t  b ra in ,  no increase  in c o n t e n t  or c o n c e n t r a t i o n  of 
CoA is obse rved  a f t e r  i.v. in ject ion.  The  i m p r o v e m e n t  in  
t he  s tage of consciousness  o f ten  observed  in p a t i e n t s  w i th  
endogenous  l iver  c o m a  sho r t ly  a f te r  i n i t i a t i on  of t r e a t m e n t  
w i t h  cofactor ,  m a y  therefore ,  be  a resu l t  of a n  i m p r o v e d  
l iver  f unc t i on  r a t h e r  t h a n  of an  i m p r o v e m e n t  in b r a i n  
func t i on  due to  a n  increase  in cerebra l  CoA concen t r a t i on .  

E v e n  t h o u g h  a m a r k e d  increase  in hepa t i c  CoA c o n t e n t  
occurs  in  r a t s  a f t e r  i n j ec t ion  of h igh  doses of CoA, th i s  
pe rmi t s  no  def in i te  conclus ion on w h a t  h a p p e n s  in h u m a n  
p a t i e n t s  w i t h  severe ly  decreased l iver  funct ion .  Regard ing ,  
however ,  t he  d i s t u rbances  in cell wal l  func t ion ,  wh ich  are 
genera l ly  connec t ed  w i t h  l iver  diseases 3,12, ~a, a p e r m e a t i o n  
of nuc leo t id ic  cofac tors  in to  cells of l iver  a n d  even  of 
b r a in  would  more  l ike ly  t ake  place in p a t i e n t s  w i th  l iver  
coma  t h a n  in h e a l t h y  indiv iduals .  

The  resu l t s  of t i le e x p e r i m e n t s  r epor t ed  here,  t o g e t h e r  
w i t h  t he  cl inical  i m p r o v e m e n t s  observed  a f t e r  infusions 
of cofactors  to  our  pa t i en t s ,  sugges t  t h a t  a d m i n i s t r a t i o n  
of CoA could be  respons ib le  for t he  ame l io ra t ion  of con-  
sciousness in endogenous  l iver  coma.  

10 CH. TREY and CH. S. DAVIDSON, ill Progress in Liver Diseases 
(Eds. H. POPPER and F. SCHAFFNER; G r u n e &  St ra t ton ,  New York  
1970), vol. 3, p. 282. 
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I s o e n z y m e  der a l k a l i s c h e n  P h o s p h a t a s e  - R e f e r e n z w e r t e  i m  j u g e n d l i c h e n  Alter  und Einf luss  der  
E i w e i s s e r n i i h r u n g  
I s o e n z y m e s  of A lka l ine  P h o s p h a t a s e  - Re ference  Values  in Young  Peop le  and Effects  of Pro te in  Diet  
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tisehe Republik), 20.November 7975. 

Summary.  I n  260 n o r m a l  s tuden t s ,  20 25 years  old, t he  v a r i a t i o n  in t h e  ac t iv i t i e s  of s e rum a lka l ine  p h o s p h a t a s e  a n d  
i ts  i soenzymes  w i th  sex, A BO  blood groups,  and  p ro t e in  i n t ake  were s tudied.  The  values  are on  t he  whole h igher  in  
males  t h a n  in females.  The  a c t i v i t y  of t he  i n t e s t i n a l  i soenzyme was h igher  in sub jec t s  t a k i n g  p ro te in - r i ch  d ie t  t h a n  in 
those  t a k i n g  p ro t e in  poor  diet .  

Die B e s t i m m u n g  de r  I s o e n z y m e  der  a lka l i schen  Phos-  
p h a t a s e  (EC 3.1.3.1) k a n n  fiir die F r f i h e r k e n n u n g ,  
d i f fe ren t i a ld iagnos t i sche  A b g r e n z u n g  und  Ver lau f skon-  
t rol le  - vo r  a l l em bei  Leber -  u n d  K n o c h e n - E r k r a n k u n g e n  
- yon  B e d e u t u n g  seinl-3.  Die Abh/ ing igke i t  de r  Gesamt -  
ak t iv i t / i t  als auch  de r  I soenzyme  der  a lka l i schen  Phos -  
p h a t a s e  yon  Alter ,  Geschlecht ,  B l u t g r u p p e n z u g e h 6 r i g k e i t  
und  f e t t r e i che r  E r n / t h r u n g  is t  in der  L i t e r a t u r  besch r i eben  
wordena-% In  dieser  A r b e i t  wird  das  V e r h a l t e n  de r  
I s o e n z y m e  bei  un t e r sch i ed l i che r  E iwe i sse rn / ih rung  u n t e r  
Pr f i fung  der  Geschlechts -  u n d  B l u t g r u p p e n a b h / i n g i g k e i t  
be r ich te t .  

Material and Methoden. 260 M e d i z i n s t u d e n t e n  (93 
M/inner,  167 F rauen ,  Al t e r  20-25 Jahre ,  im D u r c h s c h n i t t  
22 ] ah re )  e rn / ih r t en  sich f iber zwei W o c h e n  je eine Woche  
eiweissreich u n d  e iweissarm.  Als Sol lwerte  ffir eiweiss- 
re iche E r n / i h r u n g  w a r e n  fiber 20% Eiweiss-kcal ,  ftir ei- 
weissarme u n t e r  10% Eiweiss -kca l  u n a b h g n g i g  v o m  
K 6 r p e r g e w i c h t  der  P r o b a n d e n  vorgegeben.  R ich t l in i e  fiir 
t / igliche lZa lor ienzufuhr :  M/inner  2600-3000, F r a n e n  
2000-2500 kcal .  N a c h  jeder  "vVoche und  vor  de r  Versuchs -  
d u r c h f f i h r u n g  erfolgte  je eine B l u t e n t n a h m e .  

Die Ak t iv i t / i t en  der  I s o e n z y m e  der  a lka l i schen  Phos -  
p h a t a s e  w u r d e n  bei  37~ in e inem k o m b i n i e r t e n  Test -  
e insa tz  mi t t e l s  L - P h e n y l a l a n i n - H e m m u n g  u n d  Hi tze-  

i n a k t i v i e r u n g  b e s t i m m t  a. Die Pr/ izis ion in der  Serie 
wurde  a n h a n d  yon  84 D o p p e l w e r t b e s t i m m u n g e n  er- 
mi t t e l t .  Die S t r e u u n g  be t r / ig t  ffir die G e s a m t a k t i v i t / i t  
0.6, D a r m p h o s p h u t a s e  0.2, L e b e r p h o s p h a t a s e  0.4 u n d  
K n o c h e n p h o s p h a t a s e  0.5 U/1. Die D a t e n  w u r d e n  vor  der  
s t a t i s t i s chen  A u s w e r t u n g  3 G r u p p e n  zugeo rdne t  : Norma l -  
ern/ ihr te ,  e iweissre ichern/ ihr te  u n d  e iwe issa rmern / ih r te  
P r o b a n d e n .  Die Ver t e i lungspr i i fung  erfolgte  m i t  dem 
n~-Anpassungstes t .  Mi t t e lwer t  u n d  S t r e u u n g  w u r d e n  
a n h a n d  der  t r a n s f o r m i e r t e n  W e r t e  be rechne t .  P r f i fungen  
auf  S igni f ikanz  w u r d e n  m i t  der  V a r i a n z a n a l y s e  u n d  
D u n c a n - T e s t  sowie d e m  t -Test  durchgef f ihr t .  

Ergebnisse. Die Ver te i lungspr i i fung ,  g e t r e n n t  n a c h  
Gesch lech t  u n d  E rn / i h rungs fo rm ,  e rgab  fiir die Gesamt -  
u n d  I s o e n z y m a k t i v i t i i t e n  eine log-normale  Ver te i lung .  
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