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SUMMARY 

Red  cell membrane  and bra in  t issue ATPase  were inhib i ted  by  &amino laevu l in ic  
acid. The effect was on the  (Na + + K+)-dependent  f ract ion of ATPase,  and  &amino-  
laevul inic  acid  had  no effect on the  magnes ium-dependen t  f ract ion of ATPase.  The 
effect of &aminolaevul in ic  acid  was reversible,  d-Aminolaevul inic  acid had  no effect 
on ATPase  enzyme ac t i v i t y  on red cell ghost  membranes .  The difference between red 
cell m e m b r a n e  and bra in  t issue ATPase,  on the  one hand,  and  red  cell ghost  m e m b r a n e  
ATPase  on the o ther  hand  m a y  be due to the  so lubi l i ty  of the  ATPase  enzyme in 
the  different  exper iments .  Glycine,  cyste ine  hydroch lor ide  and sodium phenobarb i tone  
had  no effect on red  cell membrane  and bra in  t issue ATPase  enzyme.  The findings 
suggest  a possible exp lana t ion  for the  neurological  mani fes ta t ion  of acute  i n t e rmi t t en t  
po rphyr i a  and po rphy r i a  var iegata ,  since the  inhibi t ion of (Na + + K*)-dependent  
nerve ATPase  b y  b-aminolaevul inic  acid could block nerve conduct ion and cause 
paralysis .  

INTRODUCTION 

The clinical  features  of the  acute  phase of both  acute  i n t e rmi t t e n t  po rphy r i a  
and  po rphyr i a  va r i ega ta  can be expla ined  on the basis of a neurological  d i s tu rbance  1, ~ ; 
ve t  the  pa thologica l  descr ip t ions  have  been var iable  1, a 8 and  have been descr ibed as 
unimpress ive  9. In  view of this  i t  is more l ikely  tha t  the  biochemical  defect  in po rphy r i a  
gives rise in i t ia l ly  to a d i s tu rbance  in neurophys io logy  ra the r  than  to a neuropa thy .  

The source of energy for the  p ropaga t ion  of a nerve impulse  is re la ted  to the  
concent ra t ion  of sodium on the two sides of the  cell m e m b r a n O  °. This difference is 
achieved b y  the  sodium pump,  the  energy for which is p rovided  by  the hydro lys i s  
of ATP b y  the enzyme ATPase.  The enzyme is magnes ium-dependen t .  The ra te  of 
hydro lys i s  is increased by  Na  + and,  in ti le presence of Na  +, is fur ther  increased b y  
K + (ref. I I ) .  Since 6-aminolaevul inic  acid  accmnula tes  in t i le  p lasma  12 and is excre ted  
in large amount s  in the  ur inO 3 in the  acute  phase of porphyr ia ,  i t  was decided to 
inves t iga te  the  effect of this  me tabo l i t e  on ATPase  ac t iv i ty .  Porphobi l inogen is also 
excre ted  in increased amounts  in the  ac t ive  phase of porphyr ia .  However ,  there  is 
evidence t ha t  cell membranes  are more permeable  to d-aminolaevul inic  acid than  to 
porphobilinogen~4,~5 and thus  &aminolaevul in ic  acid  was chosen for this  s tudy.  
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MATERIALS AND METHODS 

Materials 
Red cells were obtained from healthy human donors. Human brain tissue in 

the form of normal cerebral cortex was obtained at surgery for a deep-seated cerebral 
tumour. Rabbit brain was removed through a burr-hole after the animals had been 
anaesthetised with lOO-15o mg of sodium phenobarbitone. When the effect of sodiunl 
phenobarbitone on brain ATPase was studied, tile animal was killed by injection of 
4 ° cm 3 of air into a vein and the skull immediately opened. 

Preparation of red cell membrane A TPase 
ATPase 'enzyme' was prepared from human red cells as described by Pos t  

et al. 16. The final precipitate was washed with 5"1o-4 M Tris glycylglycine buffer 
(pH 8.1) until it was colourless. The enzyme activity was determined as the amount 
of free phosphate released by the hydrolysis of ATP. The assay system contained 
5 #moles of ATP (Sigma Chemical Co.) (obtained as the sodium salt, adjusted to 
pH 7.I with Tris and passed through a Dowex 50 cation-exchange resin in the Tris 
form to remove Na + and any K + present), 5/,moles of MgC12 and I ml of 0.5 M 
imidazole-histidine buffer, pH 7.1. To this mixture 0.5 ml enzyme preparation was 
added. Sodimn and potassium were added to a final concentration of 0.08 M and 
0,03 M, respectively, each in o.I-ml volumes. When measuring (Na + + K+)-indepen - 
dent ATPase activity, sodium and potassium were not added to the assay medium. 
The final assay volume was made up to 3 ml with distilled water. The mixture was 
incubated at 4 °o for I h and the reaction stopped with 8 % perchloric acid. After 
centrifugation, I ml of supernatant was removed for phosphate determination by a 
modification of the method of [V[OZERSKY et alY.  There was no detectable phosphate 
in the enzyme preparation and a control without enzyme was included to correct 
for nonenzymatic hydrolysis of ATP. Where sodium and potassium were added to 
the medium, the results are referred to as total ATPase activity. The results of assays 
carried out in the absence of sodium and potassium are referred to as (Na + + K+) - 
independent ATPase activity. (Na + + K+)-dependent ATPase is that component of 
the total ATPase requiring Na + + K +, or inhibited by ouabain. 

The effect of b-aminolaevulinic acid (o.1-2.o mM), glycine (1.o-5.o raM), cysteine 
hydrochloride (2.O-lO.O raM) and sodium phenobarbitone (I.O-IO.O raM) on total 
ATPase and (Na++ K+)-independent ATPase activity was studied by adding these 
substances to the assay system after they had been buffered to pH 7.1 with 0.5 M 
imidazole-histidine. The amount of sodium present in sodium phenobarbitone was 
taken into consideration in maintaining the final sodium concentration in the mixture 
at 0.08 IV[. b-Aminolaevulinic acid was obtained from Sigma Chemical Co. as the 
hydrochloride. 

Preparation of red cell ghosts 
The red cell 'ghosts' were prepared by a modification of the method of WITTAM 18. 

A sample of 50 ml of heparinised blood (heparin, ioo units/ml blood) was centrifuged 
and the plasma and huffy coat removed. The red cells were then washed three times 
with a Na-free choline medium containing 147 mM choline chloride, 2 mM MgCI.,, 
IO mM Tris-HC1 buffer, pH 7.6. All the following procedures were then carried out 
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at  4 °. The red cells were lysed b y  in jec t ing  I volume of red cells (25 ml) into 5 volumes 
of deionised dis t i l led  wate r  (125 ml). The lysa te  was immed ia t e ly  centr i fuged at  
2oooo × g for 5 rain, and  the dark  red supe rna t an t  removed.  The s t roma  was then 
made  up  to the  or iginal  volume of the  lysa te  with choline chloride med ium di lu ted  
1:2oo with  dis t i l led wate r  and  conta in ing  2 mM ATP (disodium) and 2 mM MgCI 2. 
At  th is  stage, sufficient 3 M NaC1 or 3 M Tris-HC1, p H  7.4 (depending on whether  Na  + 
was requi red  inside the ghost  or not),  was added  to raise the  osmotic  pressure of 
the  haemolysa te  to an osmola l i ty  of o.3 (6.4 ml for 125 ml of lysing fluid). The haemo-  
lysa te  which was now isosmotic  wi th  p l a sma  was incuba ted  with  occasional  shaking,  
for 30 rain in a wate r  ba th  at  37 ° to allow the membrane  to regain a low pe rmeab i l i ty  
to Na  + and  K~ (ref. 19). The 'ghosts '  were then  sed imented  b y  cent r i fugat ion  at  
2oooo × g for 5-1o rain. The supe rna t an t  was d iscarded and the 'ghosts '  washed once 
in the  med ium in which t hey  were to be incubated ,  and  f inal ly made  into suspension 
such t ha t  the  'ghos ts '  from 25 ml of packed  e ry th rocy tes  provided  11-12 ml of packed  
'ghos ts '  in 2o ml of suspension.  

The  packed  'ghos ts '  which had  been r econs t i tu t ed  with  Tris  HC1 were suspended 
in the  Na  +- and K+-free choline medium.  The 'ghosts '  r econs t i tu t ed  wi th  sodium were 
suspended  in a buffer conta in ing IO mM KCI, 2 mM MgCI~ and IO mM Tris H('I,  
p H  7.6. When  &aminolaevul in ic  acid was requi red  inside the  cell, i t  was added  to 
the  choline med ium used to make  up the volume af ter  the  first cent r i fugat ion  of the  
haemolysa te ,  i.e. jus t  before recons t i tu t ion .  When  &aminolaevul in ic  acid  was requi red  
ou ts ide  the  cell, i t  was added  to the po tass ium chloride medium used to make  the 
final 'ghos t '  suspension.  

In  mos t  cases the  red cell 'ghosts '  were well formed and re ta ined  the typ ica l  
red-cell  shape. However ,  occasional ly  some of the  red cells were s l ight ly  crenated,  
bu t  t hey  were, in any  event ,  whole and not  rup tured .  The sodium concent ra t ion  
(measured b y  flame pho tomet ry )  within the  'ghosts '  r anged  from 7o-15 ° mM wi th  
a mean  of ioo  raM. b-Aminolaevul in ic  acid was measured  in 'ghos t '  red cells and  in 
the  med ium b y  a modif icat ion of the  me thod  of SuN et al. 2°. The to ta l  volume in 
each exper imen t  was 2 ml of which approx.  I ml was packed  'ghosts ' .  This was incu- 
b a t e d  at  4 °o for I h and  the  reac t ion  t e rmina t ed  with  8 % perchloric  acid. The precipi-  
t a t e d  membranes  were r emoved  by  centr i fugat ion,  and  the  free phospha te  measured  
as for red cell membranes .  

A TPase preparation of brain tissue 
Brain  ATPase  was p repared  b y  a modif icat ion of the  me thod  of SKOU 11. All 

visible b lood vessels were d issected  from the  bra in  t issue which was washed three  
t imes  in IO volumes of 0.25 M ice-cold sucrose, made  up  in 0.5 M imidazo le -h i s t id ine  
buffer ad jus t ed  to  p H  7.4 wi th  i M HC1. The bra in  t issue was then  homogenized in 
a fur ther  i o  volumes of fresh buffered sucrose. S t roma  and f ragments  were r emoved  
b y  cent r i fugat ion  a t  2000 × g for 15 rain at  o °, and  mi tochondr ia  and  some sub- 
microscopic  par t ic les  b y  cent r i fugat ion  at  IOOOO × g for 15 rain. The supe rna t an t  
was then  centr i fuged a t  38ooo x g for 2 h and  the sediment  suspended in a volume 
of 0.25 M ice-cold buffered sucrose, corresponding to one-half  the  volume of the  
original  homogenate .  The suspension was centr i fuged at  IOOOO x g for a fur ther  
io  rain, in order  to remove  any  remain ing  mi tochondr ia ,  and  the final supe rna t an t  
was used as ' enzyme '  in the  exper iments .  The ' enzyme '  ob ta ined  from rabb i t  bra in  
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had a specific activity of approx. 3 units/mg protein (in the absence of sodium and 
potassium) (I unit = the release of I pmole of inorganic phosphate in I h at 4 o°) 
and contained lO-15 °o of the original activity ill the homogenate. As only a limited 
amount of human tissue was available, the specific activity for human brain could 
not be estimated. The ATPase activity of the brain preparation was measured as for 
red cell membrane ATPase. 

RESULTS 

Red cell membrane A TPase 

The results for red cell membrane ATPase are summarized in Table I. The 
ATPase activity was 5o % greater in the presence of sodium and potassium. Prelimi- 
nary experiments showed that this fraction could be inhibited by ouabain (I mg/ml). 

TABLF~ l 

T H E  I N H I B I T I O N  O F  T H E  (Na++ t ' 2 ¢ ) - D E P E N D E N T  F R A C T I O N  O F  T O T A L  ATPase ' E N Z Y M E '  I S O L A T E D  

F R O M  R E D  C E L L  M E M B R A N E  B Y  ~ ) - A M I N O L A E V U L I N I C  A C I D  

& A m i n o l a e v u l i n i c  ac id  ha i l  no  effect  on t h e  (Na  + q- K + ) - i n d e p e n d e n t  f r a c t i o n  of t h e  e n z y m e .  

3Ig 2~ 
( m M ) 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Na + IC ~ & A m i n o -  Activi ty  
(m]ff) (m3I) laevalinic acid (~moles P i /ml  

(m3 l lml  wet cells) wet cells per It) 

O O O 2 . 2 2  

8o 33 o 3.92 
O O O . I  2 . 1 8  

o o 0.2 2.3 ° 
0 0 2 . 0  2 . 2 1  

8o 33 o. I 3-33 
8o 33 0.2 2.64 
80 33 2.o 2.39 
80 33 5 .o 2-56 

There was progressive inhibition of enzyme activity with increasing amounts of 
&aminolaevulinic acid (Table I). The effect was due to inhibition of the (Na + + K+)- 
dependent fraction of the ATPase activity since &aminolaevulinic acid had no effect 
on the (Na + + K+)-independent fraction of ATPase (Table I). The effect of b-amino- 
laevulinic acid on the (Na + + K+)-dependent fraction of total ATPase was reversible 
(Table II). Enzyme inhibited by &aminolaevulinic acid for I h was dialysed overnight 
in cold running tap water which completely removed the &aminolaevulinic acid. 
Enzyme activity could be restored on the addition of ATP and magnesium, and a 
further 5o % increase occurred when sodium and potassium were added (Table II). 
Glycine, cysteine hydrochloride and phenobarbitone had no effect on total ATPase 
activity. 

To determine whether &aminolaevulinic acid combined with phosphate thereby 
lowering the amount of measurable free phosphate and giving an apparent inhibitory 
effect for &aminolaevulinic acid on red cell 'ATPase' activity, &aminolaevulinic acid 
(concentration IO mM) was added to the mixture I h after incubation followed by 
precipitation of the protein. There was no difference in the amount of free phosphate 
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T A B L E  I [  

I~EVERSIBILI'FY OF (}-AMINOLAEVULINIC ACID INHIBITION OF (~'N'a+@ I(+) - I )EPENDENT RED (:ELL 

MEMBRANE ATPase 'ENZYME' 

(Na ~ ~ l< ~ ) -dependent  an(1 (Nu t / 1,1~)-independent ATPase ' enzyme '  which had  been d ia lysed  
for I8 h showed less a c t i v i t y  t h a n  fresh ATPase ' enzyme ' .  The ATPase ' enzyme '  p repa ra t ion  
which had  been i ncuba t ed  wi th  d -amino laevu l in ic  acid for i h and then  d ia lysed  for I8 h hai l  
the same a c t i v i t y  as ATPase ' enzyme '  which had  not  been i ncuba t ed  wi th  &an i ino l aevu l in i c  acid 
bu t  also had  been d ia lysed  for t8 h. 

p,~oles Pi/h per ml wet cells 

z h incubalion z h inc**bation 
after z8 h dialysis 

(Na* + K+)- independent  ATPase i .45 o.52 
Tota l  ATPase  2.18 o.97 
Tota l  ATPase  + &amino-  

l aevul in ic  acid (0.2 inM) 2.06 o.q 7 
Tota l  ATPase + d-amino-  

laevul in ic  acid (2.o raM) 1.00 z.o 3 

measured as compared with a control to which no &aminolaevulinic acid had been 
added. 

A TPase  enzyme on red cell 'ghosts' 
Red cell 'ghosts' reconstituted with NaC1 and incubated in buffer containing 

potassium had more than 50 % greater ATPase activity than red cell 'ghosts' recon- 
stituted with Tris-HC1 and incubated in tile sodium- and potassium-free choline 
chloride medium. This (Na++ K+)-stimulated component could be inhibited by 
ouabain (I ing/ml). 

It  was found that the red cell membrane was freely permeable to &amino- 
laevulinic acid. When &aminolaevulinic acid was added before reconstitution of the 
'ghosts' and thereby placed inside the cell, it soon 'leaked' out into the surrounding 
medium. One nil of reconstituted 'ghosts', containing lO 5 #g/ml 6-aminolaevulinic 
acid internally at zero-time, contained 35 #g/ml internally after a I-h incubation, 
and 65 #g in 2 nil of external medium. Ghost red cells incubated with &amino- 
laevulinie acid in the external medium soon reached a concentration internally in 
equilibrium with the external medium. For example, in one experiment 2 nil of 
medium, including I ml of packed 'ghosts', contained iooo #g/ml 6-aminolaevulinic 
acid situated externally at zero time. After a I-h incubation the external medium 
contained 500 #g/ml of &aminolaevulinic acid and the 'ghosts', 460 #g/ml of 6-amino- 
laevulinic acid. &Aminolaevulinic acid did not have any effect on the (Na+m K+) - 
dependent fraction of total ATPase of red cell 'ghosts' membranes whether the 
&aminolaevulinic acid was initially inside or outside the red cell 'ghost'. 

Brain A TPase 
Tile results for brain ATPase are summarized in Tables I I I  and IV. The ATPase 

activity was increased by more than 5 ° % in the presence of sodium and potassium. 
As with red cell membrane, increasing amounts of 6-aminolaevulinic acid resulted in 
a progressive inhibition of the (Na*+  K+)-dependent fraction of total ATPase but 
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T A B L E  I I I  

THE EFFECT OF ~-AMINOLAEVULINIC ACID ON THE (Na + 4- K +)-DEPENDENT FRACTION OF AN A T P a s c  
ISOLATED FRO~ RABBIT AND HUMAN BRAIN TISSUE 

d - A m i n o l a e v u l i n i c  a c i d  h a d  no  effect  on  t h e  ( N a + 4 -  K + ) - i n d e p e n d e n t  f r a c t i o n  of t h e  e n z y m e .  

3 Ig 2+ N a + K + b-.4 rn ino- .4 ctivity 
( raM) (m:lI) (raM) laevulinic acid (l~raoles P~/mg 

(m31) protein per h) 

Rabbit 

2 n i l  n i l  ni l  2.88 
2 n i l  n i l  2.o 3 . I2  
2 80 33 ni l  5.52 
2 80 33 o . I  5.04 
2 80 33 0.2 4.32 
2 80 33 2.0 2.76 

H u m a n  

2 ni l  n i l  nil  3-16 
2 n i l  n i l  2.0 3.38 
2 80 33 ni l  5.89 
2 80 33 2.o 3.99 

T A B L E  I V  

T H E  E F F E C T  OF ( ~ - A M I N O L A E V U L I N I C  ACID,  O U A B A I N  A N D  S O D I U M  P H E N O B A R B I T O N E  ON (Na+4-  E+)  - 
D E P E N D E N T  A T P a s e  I S O L A T E D  F R O M  R A B B I T  B R A I N  

b - A l n i n o l a e v u l i n i c  ac id  h a d  no effect  on  t h e  ( N a + 4 -  K + ) - i n d e p e n d e n t  f r a c t i o n  of t h e  A T P a s e  
' e n z y m e ' .  

Rabbit brain 3 TPase 4- various additives I~raoles Pi /h  per rag protein 

Expt .  x Expt .  2 

(Na  + @ K + ) - i n d e p e n d e n t  A T P a s e  ' e n z y m e '  2.99 2.92 
(Na  + + K + ) - i n d e p e n d e n t  A T P a s e  ' e n z y m e '  

+ d - a m i n o l a e v u l i n i c  a c i d  (2.0 raM) - -  3.15 
T o t a l  A T P a s e  ' e n z y m e '  5.14 6.07 
T o t a l  A T P a s e  ' e n z y m e '  + 6 - a m i n o l a e v u l i n i c  a c i d  (2.0 mM) 3.15 3.09 
T o t a l  A T P a s e  ' e n z y m e '  4- o u a b a i n  (i  m g / m l )  2.81 - -  
T o t a l  A T P a s e  ' e n z y m e '  + o u a b a i n  (i  m g / m l )  

+ d - a m i n o l a e v u l i n i c  ac id  (2.0 raM) 3.23 - -  
T o t a l  A T P a s e  ' e n z y m e '  4- s o d i u m  p h e n o b a r b i t o n e  (2.0 mM) - -  6.07 

not the (Na + 4-K+)- independent  ATPase.  Sodium phenobarbitone had no effect on 
total  brain ATPase (Table IV). Ouabain (i  mg/ml )  inhibited the (Na + 4- K+)-depen - 
dent fraction of the total  ATPase act iv i ty  (Table IV). There was  no summat ion  of 
effect when both &aminolaevul inic  acid and ouabain were added, and the effect was 
the same as if either had been added alone (Table IV). 

DISCUSSION 

There is a great deal of evidence that  in both nerve and red cell cation transport 
is associated with ATPase act iv i ty  21. Red cell ATPase was studied init ial ly as a mere- 
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brane ATPase  'model '  because of tile easy ava i l ab i l i ty  of red cells, d-Aminolaevul inic  
ac id  was found to have an inh ib i to ry  effect on the  (Na + + K+)-dependent  f ract ion of 
ATPase.  Glycine and cyste ine  hydrochlor ide  had  no effect. The l a t t e r  was s tud ied  to 
be sure t ha t  the  chloride radical  of the  6-aininolaevulinic  acid hydrochlor ide ,  a l though 
con t r ibu t ing  only 3 par t s  per  zooo to the to ta l  chloride pool in the incubat ion  inixture,  
was not  the  cause of the inh ib i to ry  effect on the  (Na + + K+)-dependent  f ract ion of 
the ATPase.  &Aminolaevul in ic  acid was subsequent ly  shown to have a s imi lar  effect 
on bra in  (Na + - -  K+)-dependent  ATPase.  An inh ib i to ry  effect was de tec tab le  with as 
l i t t le  as o.2 mM of 6-aminolaevul inic  acid. The finding t ha t  6-aminolaevul inic  acid  
inhibi ts  a red  cell membrane  (Na~ + K+)-dependent  ATPase  and  a (Na + - -  K+)-depen - 
dent  ATPase  fract ion from brain  t issue suggests  a possible lnechanism for the  in- 
duct ion of the  neurological  d i s tu rbance  in the  acute  phase of porphyr ia .  The presence 
of &aminolaevul in ic  acid  at  the  nerve membrane  surface might  be expected  to inhibi t  
( N a + +  K~-)-dependent ATPase  ac t i v i t y  t he reby  interfer ing with sodiuin t ransfer  
across the  membrane  resul t ing in impai red  nerve conduct ion.  If such is the  case 
&aminolaevul in ic  acid  would have to be loca ted  at  some si te on the nerve membrane  
to exer t  an effect. An a t t e m p t  was made  to s t u d y  this supposi t ion by  de te rmin ing  
the effect of 6-aininolaevul inic  acid  on (Na +--- K~-)-dependent ATPase  when placed 
inside and outs ide red cell 'ghost '  membrane .  However ,  &aminolaevul in ic  acid  diffused 
freely across red cell 'ghost '  membrane  and in each exper iment  was present  on both 
sides of the  membrane .  &Aminolaevul in ic  acid had  no effect on (Na + = K+)-dependent  
ATPase  on 'ghost '  red cell membrane .  The failure of &aminolaevul in ic  acid to inhibi t  
( N a - +  K+)-dependent  ATPase  on 'ghost '  red cell melnbrane  in cont ras t  to the inhi- 
bi t ion of (Na + + K+)-dependent  ATPase  from red cell and bra in  t issue is difficult to 
explain.  The 6-aminolaevul inic  acid was not  metabol i sed  by  red cell 'ghosts '  since no 
porphyr ins  were synthesised,  and all the &aminolaevul in ic  acid was recovered af ter  
each exper iment .  The different results  between red cell (Na~ ~ K+)-dependent  ATPase  
and brain  (Na + + K+)-dependent  ATPase,  on the  one hand,  and  'ghost '  red cell inem- 
brahe ( N a + +  K+)-dependent  ATPase  on the o ther  hand  lnay  be due to the form in 
which ATPase  was present  in each exper iment .  The bra in  ATPase  was isola ted  in 
bra in  par t ic les  which could be sed imented  by  cent r i fugat ion  at  high speed. The resul ts  
were i nva r i ab ly  reproducible .  The red cell ATPase  was on s t romal  par t ic les  and  on 
occasions no inh ib i to ry  effect by  &aminolaevul in ic  acid on the (Na~ ~ K+)-dependent  
f ract ion was detec ted .  The ATPase  from 'ghos t '  red cell membrane  was essent ia l ly  on 
in tac t  red cell inembrane.  Here no inh ib i to ry  effect by  ~)-aininolaevulinic acid on the 
(Na + + K+)-dependent  f ract ion was demons t rab le .  I t  would appear  tha t  the  inh ib i to ry  
effect is re la ted  to par t ic le  size or solubil i ty.  The method  of isolat ion of the enzyme 
m a y  also expla in  the  var iable  results.  SCHmER et al. 22 noted  different propor t ions  
of ( N a + +  K+)-ac t iva ted  ATPase  and Mg2+-activated ATPase  depending  on the 
me thod  of isolat ion.  Ano the r  exp lana t ion  for these var iable  resul ts  m a y  be t ha t  bra in  
( N a + +  K+)-dependent  ATPase  and red cell (Na + + K+)-dependent  ATPase  are not  
ident ical .  Recen t ly  NEU~'ELD el al. 2"~ repor ted  a second ouabain-sens i t ive  sodium- 
dependen t  ATPase  in bra in  microsomes.  The poss ib i l i ty  tha t  the  ATPase  concen- 
t r a t ion  wi thin  the  'ghosts '  was too low to allow accura te  measuremen t  of ATPase  
a c t i v i t y  can be discounted,  as a (Na ~ + K~)-dependent  component  was measurable  
and could be inh ib i ted  by  ouabain  (z rag/nil).  

Whi le  the  inhib i t ion  of ( N a * ~ - K + ) - d e p e n d e n t  bra in  ATPase  by  c~-amino- 
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laevulinic acid is an attractive hypothesis for the development of paralysis in por- 
phyria, there are a number of observations which suggest that &aminolaevulinic acid 
is nontoxic. GOLDBER6 et al. 24 and JARRETT et al. 25 injected haem precursors intra- 
venously into anaesthetised cat and rabbit and recorded nervous impulses or added 
precursors to preparations of isolated organs which were then stimulated. They found 
that under these experimental conditions the haem precursors, 6-aminolaevulinic acid 
and porphobilinogen, were pharmacologically inactive. 

b-Aminolaevulinic acid is excreted in large amounts in rabbits given allyl iso- 
propyl acetamide, yet show none of the features of acute porphyria found in man 
except constipation and weight loss 26. 6-Aminolaevulinic acid is excreted in the urine 
in the quiescent phase of acute intermittent porphyria, although in reduced amount 2:. 
Finally, while in the acute phase of porphyria large amounts of 6-aminolaevulinic acid 
are excreted in the urine, as high as IOO m g a  day 28,z9 or up to 41o #moles a day 3° ; 
the amounts found in blood have been infrequently studied. CHISHOLM 12 found plasma 
concentrations of &aminolaevulinic acid from 0.2 to 2.2 #g/ml in seven adults. By 
contrast, SWEENEY et al.aL in a single case of acute intermittent porphyria during an 
acute attack, reported a plasma &aminolaevulinic acid level of 2 4/~g/ml, with a 
cerebrospinal fluid level of 2.8 #g/ml. 

Barbiturates precipitate acute attacks in cases of latent porphyria and seriously 
aggravate the neurological involvement. They may act as porphyria inducers or in- 
hibitors of oxidative mechanisms of brain tissue. Barbiturates have a direct effect on 
cell membrane and possibly on transinembrane flux a2. No effect of barbiturates was 
demonstrable on the (Na + + K+)-dependent ATPase under the present experimental 
conditions, which would suggest that if inhibition of the (Na++ K+)-dependent 
fraction of ATPase by h-aminolaevulinic acid is the mechanism for the neurological 
disturbance in porphyria, this is not the site of action of barbiturates. 
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