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Depart nient of Pediatrics, L’niversity of Wisconsin; and Massachitsetts General Hospital, 

Harvard Medical School 

Several studies (1,2) have indicated that 
delta-aminolevulinic acid (ALA) is an early 
intermediate in the biosynthesis of porphyrins 
and heme in that the condensation of 2 
molecules of this amino acid by a Knorr type 
of reaction results in the formatio’n of porpho- 
bilinogen which, in turn, is converted to 
porphyrins ( 3 ) .  The development of sensitive 
colorimetric methods for quantitative estima- 
tion of ALA has led to the discovery of this 
amino acid in biological material (4, 5) .  
Several investigators have shown that ALA is 
present in significant amounts in urine from 
healthy individuals ( 5 - 7 ) .  It is well known 
that in hepatic prophyria, the liver dysfunc- 
tion is responsible for the enhanced excretion 
of ALA. In the absence of porphyria, howev- 
er, no information as to the origin of uri’nary 
ALA is available. Since the erythrocyte pre- 
cursors are by far the major site of porphyrin 
and heme synthesis, i t  is generally assumed 
that the source of urinary ALA is the nu- 
cleated erythron. To  verify this assumption 
the urinary concentration of ALA was esti- 
mated in patients with no demonstrable eryth- 
ropoiesis. These were 3 patients with con- 
genital hypoplastic anemia (pure red cell 
anemia), aged from 8 to 12 years and 6 
patients with aplastic anemia (bone marrow 
aplasia and peripheral pancytopenia) , aged 
from 4 to 16 years. The patients with congen- 
ital hypoplastic anemia were knodn to have 
had the disease since infancy, and in no 
instance did their bone marrow specimens 
and peripheral blood reveal signs of erythro- 
poiesis. They were all refractory to corticos- 
teroids and required regular blood transfu- 

sions to mai’ntain adequate hemoglobin con- 
centration. Patients with aplastic anemia had 
pancytopenia of long standing. The examina- 
tion of their bone marrow specimen on sever- 
al occasions had revealed complete absence of 
erythroid and myeloid precursors. Only a few 
scattered lymphocytes were present. 

The method used for the determination of 
ALA in the urine was that described by 
Mauzerall and Granick ( 5 )  with slight mod- 
ification. The measurements were made on 
urine specimens from two 24-hour urine col- 
lections. The results as shown in Table I are 
expressed as the mean values for the two 
determi’nations. As seen in Table I, it is 
obvious that ALA-like substance is present in 
the urine from patients with severe aplastic 
anemia and congenital hypoplastic anemia in 
significant amounts. However, as pointed out 
by Mauzerall and Granick, the Ehrlich- 
positive products resulting from condensation 
of Dowex 50 eluate of normal urine may 
contain organic-solvent-insoluble material 
such as might be formed from glucosamine or 
pyrrole corresponding to aminoacetone. To  
ascertain whether or not the products meas- 
ured in the urine of the patients with no 
demonstrable erythropoiesis was due to the 
presence of these compounds, the following 
experiments were performed : 

( i )  The eluates from Dowex 50 column 
from urine of 1 of these patients and 1 patient 
with known lead intoxication were compared 
with comniercially pure ALA. After heating in 
1 AI sodium acetate buffer, pH 4.6, in the 
presence of 2,4-pentanedione to condense 
ALA, these eluates were subjected to high- 
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TABLE I. Urinary Excretion of ALA Measured t)y Mcthod of Mauzerall and Granick and by 
Ailtonintic Aniino-Acid Annlyzcr." 

Sub j ect.s 

Uriitary AIiA Urinary ALA 
(mg/24 Iiours) (mg/24 hours) 

iiicthotl of Mauzrr.;ill by automatic 
Agc ( y c ; ~  rs) ; ~ i i d  G r;iniclr ;iniino-acid analyzer 

Aplxstic anemia 

Norm a1 

.3-4 "0 

2.5 
1.35 
1.55 

1.1 
0.9 
1.25 
1.65 
2.2 

1.5 
0.97 
0.65 

5.6 
20.5 

- 

1.37 
- 
- 
- 
- 
- 
- 
- 
0.37 
0.17 
0.25 

4.0 
18.5 

Values were lower when automatic ;iniiiio-;icid :in:ilyzer was used. 

voltage paper electrophoresis using a pyridine 
acetate buffer a t  pH 5.4. When developed 
with Ehrlich reagent (p-dimethylaminobenz- 
aldehyde) in acid solution, the elutates from 
each urine specimen revealed a spot with a'n 
electrophoretic mobility similar to that corre- 
sponding to the condensed pure ALA. 

(ii) The spectroscopic studies of the colored 
compound resulting from the addition of 
Ehrlich reagent to the condensed ALA-like 
substance from the urine of patients with 
aplastic anemia and congenital hypoplastic 
anemia gave an absorption curve similar to 
that obtained when using condensed commer- 
cially prepared ALA or condensed ALA 
prepared from urine of patients with lead 
intoxication. 

(iii) Commercial ALA was mapped on a 
Beckma'n Spinco automatic amino-acid an- 
alyzer using the standard technique of Spack- 
man et a L ( 8 ) .  The ALA was found to be 
eluted from the 50-cm column in the pH 4.26 
buffer with a peak of approximately 174 ml 
overlapping allohydroxylysine (Fig. 1 ) . Nor- 
mal urine and urine from patients with aplas- 
tic and hypoplastic anemia were found to give 
a peak in the same locatio'n( Fig. 2) .  [ I t  was 
found that the standard method for removal 

of ammonia, which consists of bringing the pH 
of the urine to 12 with NaOH and evaporat- 
ing to dryness using a rotary evaporator, 
destroyed some of the ALA in urine. In order 
to measure ALA in urine by the column 
chromatographic method, it was necessary to 
put urine directly on the column without 
removal of ammonia. A large ammonia peak 
was obtained but, since the ammonia is eluted 
considerably later than ALA on the 50-cm 
column, this was not a disadvantage.] Plasma 
samples showed 'no peak in ALA position. 
Glucosamine is known to be eluted on the 
150-cm column of the automatic amnio-acid 
analyzer just after leucine (8). Aminoace- 
tonel was mapped on the 50-cm column of 
the automatic amino-acid analyzer and was 
found to be eluted with a peak of 335 ml 
between methylhistidine and histidine (Fig. 
3). Consequently, neither glucosamine nor 
aminoacetone interferes with the measure- 
ment of ALA by this method. Table I com- 
pares the values obtained using the automatic 
amino-acid analyzer with those obtained by 
the method of Mauzerall and Granick in vari- 
ous patients. As shown, values obtained by 

1 We are grateful to Dr. Mauzerall for supplying 
standard aminoacetone for this purpose. 
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FIG. 1. The position of AL.4 (3) mapped by 

B 

l l  
amino-acid analyzer. The upper map (A) was ob- 
tained when urine of a patient with lead intoxication 
was used. The lower map (B) was obtained when a 
mixture of commercial amino acid including ALA 
was passed through the column. 1: Tyrosine and 

ine ; 5 : ethanolamine ; 6: AL.4 and allohydroxylysine ; 
7: gamma amino butyric acid; and 8: ammonia. 

phenylalanine; 2 :  hydroxylysine; 3: ALA; 4: ornith- 

C 

the method Of hfauzerall and Granick are 

the automatic amino-acid analyZer, especially 
in normal individuals. This discrepancy is 
probably due to the measurement by the 
method of Mauzerall and Granick of Ehrlich- 
positive products other than pyrrole corre- 
sponding to ALA. In order to demonstrate 
that the peak corresponding to the position of 
ALA was not due to other substances such as 
allohydroxylysine, 8 ml of urine from a pa- 
tient with aplastic anemia was placed on a 
50-cm column and the effluent was collected 
in 8-ml fractions in a fraction collector. The 
fractions were then condensed as described 
above and when mixed with Ehrlich reagent a 
red color appeared in the tube corresponding 
to the position of ALA. 

These findings indicate that true ALA is 
present in the urine of patients with severe 
suggesting that erythrocyte precursors are not 
aplastic and congenital hypoplastic anemia 

FIG. 2. The presence of ALA in normal urine (A) 

patient with congenital hypoplastic anemia (c) . 1 : 
Tyrosine and phenylalanine. 2:  hydroxylysine. 3: 
ALA. 4: ornithine; and 5 :  ammonia. 

higher than those Obtained by from a patienit with ap la t ic  anemia (B)  and a 

am a- .c m 81 Y n h. 1- M mm m m 

FIG. 3. The position of aminoacetone. Methylhis- 
tidine when present will appear between aminoace- 
tone and lysine. 1: Ammonia. 2 :  lysine. 3:  aminoace- 
tone; and 4: histidine. 
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solely responsible for the presence of ALA in 
the urine and other sources may also con- 
tribute to its daily excretion. The data further 
indicate that true ALA can be measured by 
automatic amino-acid analyzer. By this meth- 
od, aminoacetone and glucosamine do not 
interfere with the quantitative analysis. 

Conclusion. Delta-aminolevulinic acid 
( ALA) , a precursor of heme synthesis, was 
found to be present in normal amounts in the 
urine of patients without demonstrable eryth- 
ropoiesis. The presence of true ALA in the 
urine of these patients was confirmed by a 
new method using an automatic amino-acid 
analyzer. By this method, the interfering 
substances such as glucosamine and amino 

acetone were eliminated. 
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Further Evidence for an LJnique Neurohumoral Agent Released from 
Brain by Morphine Given Intracerebrally (33005) 

0. J. PLEKSS AND S. MARGOLIN 
Wallace Laboratories, Division of CartPr-Wallace, Znc., Crnnbirry, N e w  Jersey 08512 

The constipating effect of morphine in 
mice, rats, and guinea pigs appears to be 
mediated through the central nervous system 
(1-3). Experimental data obtained by Margo- 
lin and co-workers (1, 3) indicates that mor- 
phine triggers the central nervous system to 
release a neurohumor carried by the circulat- 
ing blood to the intestinal receptor sites. This 
neurohumor, rather than the morphine molec- 
ule per se, appears to be directly responsible 
for the inhibitory effect upon the intestine. 
This view is supported by the observation 
that (a) considerably less morphine is re- 
quired to suppress intestinal propulsion when 
morphine is injected intracerebrally than 
when it is given intravenously; and (b) con- 
stipation can be produced in mice by injec- 
ting them with the blood perfusate obtained 
from isolated rabbit heads injected intracere- 
brally with relatively minute quantities of 
morphine (4) .  In addition to our studies, 
Green ( 2 )  found that the intracisternal injec- 
tion of morphine into rats produced a greater 
inhi,bition of intestinal propulsion than did 
the subcutaneous administration of morphine. 

In the present investigation, parabiotic rats 
were used to study the effect of intracerebral- 
ly administered morphine on intestinal pro- 
pulsion. Since the parabiotic animals are con- 
nected only by their circulatory system and 
not by their nervous system, they should 
provide additional proof for the existence of a 
neurohumoral mechanism for this action of 
morphine. 

Methods. Charles River C'D strain male 
albino rats were used. The parabiotic rats 
were prepared by surgically connecting litter- 
mates according to an adaptation of the meth- 
od of Bunster and Meyer ( 5 ) .  Anesthesia was 
induced with sodium pentobarbital ( 4 0  mg/ 
kg, i.p.). The skin edges were joined with 
9-mm autoclips. Approximately 14 days later, 
the parabiotic rats were used in the tests. 
Each parabiotic rat weighed 100-120 gm (ap- 
proximately the weight of the single ani- 
mals). Eighteen to 20 hours before the experi- 
ments, food was removed but drinking water 
was constantly available. The intracerebra1 
injections were carried out according to the 
procedure of Margolin ( l ) ,  using O,Q2 ml af 


