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The passage of &aminolaevulinic acid across the blood brain barrier of the rat: 
effect of ethanol 

ONE OF the distinctive features of acute Intermittent porphqrla (AIP) is the cxcessivc urinary crrcrctlon 
of certain porphyrins and their precursors, &aminolacvulinic acid (ALA) and porphohilinogcn (PBG). 
This is a result of the genetically mediated increase in porphyrin hiosynthcsis characteristic of the discnse 
One result of this elevated biosynthesis is that there is an associated incrcasc in the plasma concentration 
of ALA. ALA is virtually undetectable in the plasma of normal suhlccts. but ;I Ic~cl of 24 /ig ml ha\ bc‘cn 
ircported in an acute porphyric attack. Similarly. normal ccrchrospinal flu~rl IC’SI-) contain\ no ALA. !cl 
!\LA can be detected in patients with A1P.l These ohservationg suggcsr that XI cIc\atc? pla\nxt co,,- 
centrations ALA can pass the blood-brain barrier (BBB). thereby cntcring the brain tissue and C‘SF-. Thcrc 
is. however. conflicting evidence on this possibility. Thus. although Kramcl-L has indicated that ALA is 
readily taken up by brain tissue, Musyka3 has reported that the BBB is impermeable to ALA. 

The resolution of these conflicting reports is of importance since there is increasIng evidence that ALA 
may be an aetiological factor in the production of the clinical manifestations of the disease. .AIthough the 
purlfed porphyrins and porphohilinogen are pharamcologicall~ macti\c.’ II. 1 has hccn sho\\n to Inhlblt 
brain ATPase activity’ and membrane sodium transport ;,I tit~o.’ Ful-thcr. ALA cause\ hch;iG~~ural 
changes in mice“ and has a hlpotcnhlvc action in anacsthctiscd rats.> Such action\ 01‘ AL.,Z could hGlI 
some relationship to the fact that some 55 per cent of patients with AIP exhibit psqchologlcal symptom\: 
and post-mortem examination of porphyric patients has revealed central ncuropathj.’ Thcrc 1s also cotl- 
vincing evidence that ALA can increase the susceptibility of expcrimcntal animals to drug induced convu- 
sions.’ 
Certain porphyrinogenic drugs are known to provoke attacks 111 ruh~ccts with latent Alp.‘” Thcac drug\. 
which include ethanol, increase the activity of hcpatic ALA synthetase. the enzyme v.hich products ALA 
from glycine and succinyl-CoA. There is the possibility. thcrcfore. that the) precipitate porphyric attack 
by increasing the circulating level of ALA and thus. if ALA can pasr the BBB. the brain tissue level 01 
ALA. Alternatively, they could cause the BBB to become permeable or more pcrmcahle to ALA Acute 
attacks of porphyria have been provoked hq an episode of over-indulgence in ethanol.’ ’ This cuperimcnt 
was designed therefore, to confirm whcthcr or not ALA could pass the BBB in no!-mal animal\ and 111 
animals under acute ethanol intoxication. 
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METHODS 

Two groups of 16 male Sprague-Dawley rats (200-250 g) were used. One group was given ethanol (5 
g/kg), as a 50 per cent solution in water, by gastric intubation. the other group an equivalent amount 
of water administered by the same route. They were then left for 0.5 hr at which time the ethanol group 
was intoxicated. An intraperitoneal (IP) injection of ALA 40, 120 or 200 mg/kg was then given, the water 
treated and ethanol treated animals being injected alternately. The ALA had previously been adjusted 
to pH 6-7 with molar sodium bicarbonate, and “spiked” with uniformly labelled tritiated (‘H) ALA. The 
animals were then left for a further 0.5 hr to allow the ALA to equilibrate. Technetium (99Tc) labelled 
serum albumin was then injected into a tail vein and allowed to circulate for 2 min. at which time the 
animal was stunned. exsanguinated by cutting its throat. and the blood collected in a heparinized bottle 

The brain was then dissected out, blotted dry and weighed. It was then halved, medially, one half being 
homogenized in water and counted for 99Tc in a gam’ma counter; the weight of total homogenate was 
noted. This homogenate was centrifuged at 3000 revjmin for 15 min and a known volume of supernate 
was counted in a scintillation counter using “Instagel” as a scintillant. In order to establish that the 3H 
counts were due to 3H-ALA and not some metabolic product of it, a paper chromatogram of a sample 
of brain supernate was run. It was found that all the 3H activity was present in the spot which corre- 
sponded with the ALA standard. The method used here was that described bv Elliott.” 

The ‘9Tccount of I ml whole blood was determined, as was the 3H content of I ml blood by the method 
described for the brain supernate. The blood concentration of ALA in pgg/ml was determined colorimetri- 
Cd@Ci3 

Blood ALA [p#rnt] 

FIG. 1. A comparison of blood and aminolaevutic acid and brain and aminolaevutic acid in ethanol-treated 
and normal rats+@) control; (A) ethanol. 

CALCULATION 

ALA in brain tissue = Total brain ALA - ALA in blood in brain 

‘H counts in Brain s9Tc counts in brain 
-- 

3H counts/pg ALA 99Tc counts in blood/ml 
x blood ALA concn (@g/ml) 

This result was divided by the weight of the brain in order to express the results as pg ALA/g brain tissue. 

RESULTS 

It was found that as the concentration of ALA in the blood increased so there was an increase in the 
concentration of ALA in the brain. At most blood concentrations, except at the highest, the content of 
ALA in the brains of the animals untreated with ethanol, was higher than the content in the brains of 
the animals treated with ethanol. When these points were plotted it was found that in both cases there 
were highly significant positive regression lines with the following equations: 
(1) Control 

Brain ALA (rig/g) = @6 (blood ALA (pg/ml)‘z’. 
Where the regression coefficient is O-82. 

(2) Ethanol treated 
Brain ALA (pg/g) = 0.02 exp C2.06 (Blood ALA pgcgiml)]. 
Where the regression coefficient is 0.95. 
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DISCCSSIOX 

The results obtained indicate that ALA does pass the BBB at plasma concentraw~ns kno\vn to occur 

in AIP. As the relative distribution ol’[‘H] ALA activity hetwecn the intracellular and extracellular fluids 

wan not dctcrmmed. these results rcprercnt onl! the total hraln tissue content. Thi\ is seen to increase 
with the plasma concentration. Acute ethanol intoxication inhibits the entry of ALA into the bruin. This 

clTc~ I\ prohabl\ due to ;I compctillvc antagonism bctL\ccn the ethanol and ALA. The uncharged. lipid 
wluhlc ctlxtnol molcculcs, would be exprctcd to pass the blood twain barrier more readily than the polar 

AL:% molcculcs. l1lllS ilecw~idn E the passaeo iti‘ the la ttcr. 
‘ihc fxt that ,\I.:$ can cnici.‘tLi‘ hwin. \iI’cn@lens the powhiiit~ that it ci>uiti. Jiwctl! or indirccti!. con- 

trthutc to the signs and symptoms of AIP. Since xutc cth;inol prctreatmcnt inhibits this process. xcutc 

ethanol conwmption would not appwr to prccipitatc :tttacks by increasing the permeability of the brain 

to ‘ALA. It is known, however. that ethanol dots ~nducc hcpatic ALA synthctasc. 
The cmergencc of ALA as a possible aetiological factor in the ncurops)chiatric syndrome ol’porpbyria. 

stimulates further hypothetical considerations. When present in abnormalI! high amounts in the CNS. 
4LA could cwrt a direct action on central processes. It could also exert such an action indirectly h!, 

rclww. xli\ation, or inhibition of a natur:ill~ occurring central substance. Another possjbilit~ is that 
ahnormol amounts of ALA. or one ol’ its normal metabolic products, such as PBG. could undergo an 

aberrant metabolism to some centrally active metabolite. in this respect it is of interest that the so-called 
“mauve factor”, \\hich appears to he significantI! related to psychosis. has been identified as a trialkyl 

p\rrole ().J-dimethql-3-Ethel plrrole) (Krqptopqrrole),” Russell” has proposed several biosynthetic 

xhemcs h> which this substance could he produced from PBG.’ ’ Further Krischner and Pfeifferl” pro- 

pose that Kryptopjrroie. and t,tr,lr-methyl-2-hexanoic ;~id. a substance present in the sweat of chronic 
~~tli~op~~reni~s. could he produced lrom a common meteboiite which originates from ALA. 

It ~vould seem. therefore. that further in~,~stig~itio~~s into the central actions and metabolic fate of esces- 

sivc amounts of ALA could contribute to the elucidatton of the underlyng mechanisms which express 
thcmsclws in acute porphyria and associated diseases. 
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