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Methemoglobin: A Normal Constituent of Blood.* 

W. D. PAUL AND C. R. KEMP. 
From t h e  Department  of Internal Medicine, S ta te  Universi ty  o f  Iowa. 

The conversion of hemoglobin to methemo- 
globin by various chemical compounds and 
drugs has been reported repeatedly. Methemo- 
globin, so produced, has been held responsible 
for the toxic symptoms associated with its 
presence in the blood stream. However, there 
is little conclusive evidence that methemo- 
globin is the single causative factor in such 
toxemias. Methemoglobin may be a secondary 
factor in the chain of events associated with 
its presence in the blood stream. 

The present work was undertaken to ascer- 
tain whether or not methemoglobin could be 
detected in the blood of normal persons, and 
to establish its normal range of concentration 
if it could be shown to be present. I t  was felt 
that either an affirmative or a negative answer 
to this question would have some bearing upon 
the problem of correctly interpreting the role 
of methemoglobin in pathologic conditions. 
If methemoglobin is a constituent of blood 
in normal persons, even in small concentra- 
tions, the view that it, in itself, is not toxic, 
and that its presence in higher concentrations 
in pathologic conditions is secondary to other 
factors which are responsible for the toxic 
symptoms, would gain support. 

Experimental. Determinations were made 
upon two groups: (A)  One hundred patients 
were selected at  random from the wards of 
the Department of Medicine of the University 
of Iowa Hospital. No degree of selection was 
exercised other than to exclude those patients 
who were receiving sulfa drugs or. other recog- 
nized met hemoglobin- f ormers. The dis t ribu- 
tion in terms of sex was about 3 males to one 
female. The ages of the patients ranged from 
7 to 78 years; no one age group predominated. 
A wide range of diseases was represented in 
order to rule out the possibility that methemo- 
globinemia was part of any given pathologic 
condition. 

Blood samples were obtained by venipunc- 
ture from the forearm, using potassium oxalate 
as the anticoagulant. All blood samples were 
taken immediately to the laboratory, and, in 
most cases, complete analysis was made in 15 
to 20 minutes. I n  no case did the period 
between withdrawal of the blood and com- 
pletion of the analysis exceed one hour. 

The method of analysis was that of Michel 
and Harris,l using a Coleman spectropho- 
tometer, model lOS, and a Coleman electrome- 
ter, model 3E. This method utilizes the 
change in the extinction coefficient on con- 
version of methemoglobin to cyanmethemo- 
globin. One ml of whole blood is pipetted 
into a 25 ml volumetric flask. The blood is 
hemolyzed by the addition of a few milligrams 
of saponin. I t  is then diluted to approxi- 
mately 23 ml with distilled water. One and 
one-fourth ml of 1M phosphate buffer, pH 7.4, 
is then added, and the solution is diluted to 
25 ml. Without filtering, the extinction co- 
efficient is ascertained on a portion of the 
sample of 634 mu. Two to 4 mg of dry KCK 
are then added to the solution in the spectro- 
photometer cuvette, and the contents mixed 
by inversion. One minute later the extinction 
coefficient is again ascertained, and the 
methemoglobin calculated as follows: 

Grains 7~ methemoglobin 1 
I3634 -- E634 with cyanide 

F 

where F 0.0728 at pII 7.4 

(B)  Twenty blood samples were obtained 
directly from donors to the blood bank of the 
University Hospitals. This group, therefore, 
was highly selected, in that no known patho- 
logic condition existed, and no known medi- 
cation preceded the estimation. All other 
factors in this series of estimations were 
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1 Micliel, €1. O., and Harris, J. S., J .  Lab. and 
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identical with those of group (A) .  
Results. Methemoglobin was found in the 

plasma of all patients except one. The values 
in the remaining cases ranged from 0.01 to 
0.5 g %. Thirteen percent gave values 
ranging up to 0.04 g %, and 9 % of the group 
ranged from 0.16 to 0.38 g % of methemo- 
globin. The mean methemoglobin for one 
hundred cases was 0.09 g %. Graph I shows 
the distribution of methemoglobin levels for 
this group. No correlation was observed 
between methemoglobin and hemoglobin 
levels. 

In  group (B)  methemoglobin was detected 
in the blood of all donors studied. The mini- 
mum amount was 0.03 g %; the maximum, 
0.13 g %. Graph I1 shows the distribution 
of methemoglobin values in this group. 




