
Table  1. Hemoglobin components i n  members of T h a i  
f aniily "I<." 

P e r -
Ixem0- centage
globin ,f 

Subjeot  Sex Age types' hemo- Remarks(yr) 

globin
E A F  P% 

Mrs. K. F - t - Normal Mediterranean 
t r a i t  

3ir.K. h i  -t t - Normal I-Iemoglobin-E 
trait 

D.K. 	 F 2lj.i t + 4- 13.6 Mediterranean-
hemoglobin 
E disease 
( t ransfused)  

Mediterranean-
hemoglobin 
E disease 

Hemoglobin-E 
t r a i t  

* By paper electrophoresis method. 

t By alkali denaturation technique. 


osmotic fragility, and only a few target cells. Electro- 
phoretic analysis of his hemoglobin revealed hemo-
globin E in association with hemoglobin A;  he was 
regarded, therefore, as having the hemoglobin-E trait. 
Two children (D. K.  and C. K.) were found to have 
Mediterranean-hemoglobin E disease, a severe hemo- 
lytic anemia, indistinguishable from Mediterranean 
anemia but with both the E and F types of hemo- 
globin present. The small amount of hemoglobin A 
found in D. I<.almost certainly resulted from a recent 
transfusion. Some of the characteristics of the dis- ' 

ease are evident in  the following data on C. K. This 
boy has hepatosplenomegaly, and on the day of ex-
amination he had 2.24 million erythrocytes per mm3, 
5 g of hemoglobin per  100 ml, 1 9  percent packed red- 
cell volume, 8.2 percent reticulocytes, 17,450 leucocytes 
per mm3 with a shift to younger forms of granulo- 
cytes, and 40 nucleated erythrocytes per 100 white- 
blood cells. The third child, P. K., is a n  example of 
the hemoglobin-E trait. 

Of the remaining four  subjects who were found to 
have hemoglobin E,  three were unrelated, while the 
fourth subject was the maternal half-sister of the 
children listed i n  Table 1; she presumably inherited 
the hemoglobin-E gene from her father who was not 
available fo r  study. One of the four  subjects had the 
hemoglobin-E trait, while the other three, including 
the maternal half-sister, had Mediterranean-hemoglo- 
bin E disease. 

Among the cases so f a r  encountered, i t  is interesting 
to note that, if the intensity of the hemoglobin spots 
on the paper is taken as a rough guide to  the amount 
present, hemoglobin E forms the major component in  
Mediterranean-hemoglobin E disease and the minor 
component in  the hemoglobin-E trait. 

Two additional families in  which Mediterranean 
anemia has occurred have been examined; one of these 

was included in the report by Minnich et ( 2 )  in  
their study of &Cediterralean anemia in Thailand. 
Only hemoglobins A and I? were found, the expected 
pattern in  Cooley's anemia. Further studies of the oc- 
currence and significance of hemoglobin E are cur-
rently i11 progress in  Thailand. 
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Glycosuria, Phosphaturia, and 
Aminoaciduria by Injection 
of Maleic Acid" 
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Pediatric Division, Baltimore City Hospitals 

Berliner, Kennedy, and Hilton (1)reported that  the 
intravenous , injection .of maleate into acidotic dogs 
interfered with the renal tubular mechanisms neces- 
sary for  excretion of acid urine. Impairment of other 
renal tubular functions also resulted, and the urinary 
excretion of phosphate was increased. I n  a footnote 
the authors commented on a possible reduction of 
phosphate Tm. W e  have suggested that one of the 
effects of vitamin D is to increase renal tubular reab- 
sorption of phosphate (2) and became interested in  
maleic acid as a possible inhibitor of a renal tubule 
system that is influenced by vitamin D. 

When maleic acid, neutralized to pH 7.0 with 
NaOH, was injected intraperitoneally as  a O.lM solu- 
tion into rats fed a low phosphate diet, an increased 
phosphate loss in the urine occurred. I n  the following 
experiments, 6-wk-old rats  that had been maintained 
on a high-calcium, low-phosphorus, rachitogenic ra-
tion f o r  3 wk were placed in metabolism cages permit- 
ting quantitative collection of urine uncontaminated 
with feces or diet. The following substances were de- 
termined in the urine by the methods listed: phos- 
phorus, Fiske and Subbarow ( 3 ); calcium, Kramer 
and Tisdall (4)  ; citrate, Natelson et  al. (5); and 



Table 1. Effect of intraperitoneal injection of rnaleatc 
upon excretion of calcium, citrate, phosphorus, and amino 
acids by racliitic ra t ;  No. 85A, wt. 112 g.  

Maleate Amino 
Day (mlof Citrate acids 

0.lM soh.) (mg/24 br) (@/24 hr) 

amino acids by an adaptation to urine of the nin- 
hydrin spectropYlotomct~,ic techiiique of Troll and 
Cannan ( 6 ) .  

Table 1shows the results of a typical experiment in  
which the given dose of maleate was injected intra- 
peritoneally once daily starting on the thircl day. I n  
the control period only traces of phosphorus were 
excreted i n  the urine, which is to be expected of rats  
fed this low phosphate diet. Following maleate there 
was a marked increase in urine phosphorus and con- 
comitantly there was a manyfold increase in  urinary 
amino-acid excretion. The urinary excretion of cal-
cium and citrate, on the other hand, were both dimin- 
ished. Control rats injected with succinate or malate, 
in equimolar amounts, showed no increase in urinary 
phosphate or amino-acid excretion and no decrease 
in urine calcium or citrate excretion. 

Resistance to  the maleate effect develops rapidly. 
I n  the experiment described, the phosphaturia and 
aminoaciduria had decreased by the third day of 
maleate treatment, even though the dose was increased. 
I n  several of the rats treatment was discontinued a t  
this point and then resumed after a 5- to 7-day inter- 
val. The maleate effect could be elicited again with 
redevelopment of resistance after several days of the 
second course of treatment. KO evidence of perma-
nent renal injury was found in rats receiving 1.0 ml 

Table 2. Glvcosuria, aminoaciduria, and phospliaturia 
follo~ving intraperitoneal injection of maleate; rat No. 
8lA, wt .  70 g. 

c r111e escretioil 
Ma-
lcate Citrate Amino 

Glu- acids 
Day (ml of Ca (llw"24 P case ( p ~ / 2 4

0.l.g 11r) tlr)soln.) 

1 0 23.0 95.4 0.02 80 
2 0 19.1 20.0 .03 63 
3 0 18.5 20.4 .05 < 6 69 
4 1.0 9.4 16.5 1.54 168 566 
5 2.0 10.0 16.5 0.93 116" 344 
6 2.0 12.2 12.1 .13 38 177 

-
" Bloocl sugar on this (lay. 80 ~nq/lOO1111 

of O.lM maleate per 100 gm body weight daily f o r  
periods of 2 to  3 wk. 

Tests of the urine with Benedict's reagent revealed 
the presence of a reducing substance in  the urine of 
rats injected with maleate, and this was identified as  
glucose. The concentration of glucose in urine and 
blood was determined quantitatively by  the Somogyi- 
Nelson method (7). Table 2 gives the results of one 
such study showing the glycosuria appearing simu1- 
tanrlously with the increased urinary excretion of 
phosphate and amino acidr. 

I t  was thought that the increased urinary losses of 
glucose, phosphate, and amino acids were most likely 
caused by impairment of renal tubular reabsorption 
of these solutes and it  could readily be shown that the 
plasma levels of glucose or phosphate were not ele- 
vated by maleate injection. I n  two rats  urine was col- 
lected f o r  6 h r  following a single injection of maleate, 
and blood samples were obtained a t  the end of this 
period. The blood-glucose levels were 102 and 104  
rug/100 ml, and the urinary excretiolis of glucose v e r e  
34 and 3.7 mg. respectively, over the 6-hr period. The 
serum-phosphorus concentrations were 1.9 and 1.5 
mg/100 inl, and the urine contained 0.19 and 0.08 mg 
of phosphorus. Blood-glucose levels were also deter- 
mined in four  rats on the second day of maleate treat- 
ment. The animals were not fasted. The blood-sugar 
concentrations ranged from 77 to 90 mg/100 ml. I n  
three of the maleate-treated animals the serum-phos- 
phorus levels were found to be 2.0, 2.1, and 2.4 mg/I 00 
lnl in comparison with the average value of 2.9 mg/100 
1111 f o r  seven control rats on the same diet. 

Plasma amino acids were not determined. Identifi- 
cation of the urine amino acids by paper chromatogra- 
phy revealed that the excretion of leucine, iso-leucine, 
valine, methionine. histidine, alanine, and glutamic 
acid was increased following maleate. Since amino 
acids of the leucine, iso-leucine, valine group have 
been shown to be reabsorbed almost completely by the 
renal tubules in the normal dog even a t  elevated 
plasma levels (8),their excretion in increased ainounts 
also suggests interference with renal tubule mecha- 
nisms. 

I n  a total of 1 8  rats thus f a r  studied, the maleate 
effect described here has b e ~ n  consistently elicited. I n  
three rats 20,000 units of vitamin D were given 3 days 
prior to maleate injection. The increased loss of phos- 
phate, glucose, and amino acids in  the urine was not 
prevented by this large does of vitamin D. 

The triad of renal glycosuria, phosphaturia, and 
aminoaciduria produced by nlaleate is characteristic of 
a congenital metabolic defect i n  man known as  the 
Fanconi syndrome (9, 10) .  I n  this inborn error of 
metabolism, rickets or osteomalacia resistant to or-
dinary treatment with vitamin D is also found. I f  the 
locus of maleate effect on renal tubular functions can 
be determined, it  may be possible to characterize the 
defective enzymatic niechanis~l~s in the Fanconi syn- 
drome and determine whether a single defect o r  mul- 
tiple defects are present. Investigation of the basis f o r  
resistance to vitamin D in subjects with impairment 



of renal tubular function will help in  unclerstanding 
the physiology of vitamin D. The experiments re-
ported suggest an interrelationship of the metabolism 
of the polycarboxylic acids and specific renal tubular 
functions. 
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Influence of Hydrogen Ion 
Concentration on Radiation Effects 
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When ionizing radiation acts on chemical or biologi- 
cal systems by "indirect effect," that  is, through the 
medium of free radicals, the changes are  very often 
oxidations or reductions. I t  is commonly supposed that 
the majority of radiobiological changes are oxidative, 
because the presence of oxygen during irradiation en- 
hances the effects (1, 2). Evidence was presented 

Radiation dose rods x 

earlier by one of us (3-5) that the inactivation of 
phages 513 and T3 by indirect action of radiation is 
due to reduction, so that oxygen in the suspension 
protects the phage, whereas removing oxygen and 
bubbling hydrogen during irradiation enhances "im- 
mediate" radiation effects (6) .  More recently, Bachofer 
and Pottinger (7 )  found a protective effect of oxygen 
on TI, and it  may be that all phages are sensitive, in 
the free state, to inactivation by reducing agents. 

We have shown ( 6 )  that, under electron or x-irradi- 
ation, the mechanisms of hydrogen peroxide formation 
in water and immediate phage inactivation in aqueous 
suspensions can to some extent be regarded as com- 
plementary. Under a wide variety of gas treatments, 
the inactivation of phage proceeded fast& when the 
hydrogen peroxide formed was least, and vice versa. 
We showed that the likely reactions leading to forma- 
tion of hydrogen peroxide and phage inactivation 
could be fitted into a simple theory of radical forma- 
tion and reaction. This theory would lead to a depcli- 
dence on hydrogen ion concentration of the yield fo r  
both oxidative and reductive changes, and we are now 
able to show that in this respect, too, phage inactiva- 
tion and hydrogen peroxide formation proceed in 
complement-ary fashion. 

The pH dependence of these reactions arises from 
the step 

HO, eH*+02-) 

reductive changes being due to the radical ion 0,-, 
so that oxidation yields are increased, and reduc-
tion yields decreased, in more acid solutions. However, 
the extent of reaction with 0,- will depend on pH only 
in the presence of oxygen, since the formation of the 
HO, radical is a preliminary step. As is shown by 
Fig. l a ,  phage is protected against inactivation in acid 

Fig. 1. Survival curves of 
bacteriophage 813, x-ir-
radiated under (a, left)  
oxygen, (b ,  right) hydro- 
gen bubbling, a t  three 
hydrogen ion concentra-

10' 	 tions. 


