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ABSTRACT 

1. Preparing Institution: The University of Chicago 

2. Title of Report: The Relationship of Biochemical and Enzymic 
Abnormalities of Cells to Radiation Susceptibility 
and to their Injury by Other Agents 

3. Principal Investigator: Paul E. Carson, M. D. 

4. Number of pages, illustrations, and date: 4 pages, no illustrations, 
1 April 1965. 

5. Contract Number: DA-49-007-MD-963 

6. Supported by: U. S. Army Medical Research and Development 
Command, Department of the Army, Washington 
25, D. C. 

Investigations are continuing utilizing the comparison among enzyme 
deficient individuals and those without deficiency. These investigations include 
the considerations of whole body metabolism, clinical drug toxicity effects, 
cellular, and molecular changes. A t  the whole body and clinical levels the 
chief differences noted are hemolytic susceptibility and alterations of carbo- 
hydrate metabolism. These differences also apply at the cellular level but 
also effects of membranes on enzyme activities and cellular metabolism as 
well  as actual molecular variation of the enzymes and proteins themselves a re  
being studied. Publications have appeared giving data on these points as well  
as relationships to schizophrenia and to certain hemoglobinopathies. Field 
tests have been developed for use in these studies in te rms  of incidence of 
malaria, population genetics, and susceptibility to  drug toxicities i n  populations. 

Note: Copies of this report are filed with the Defense Documentation Center 
(DDC), Building 5, Cameron Station, Alexandria, Virginia, and may be obtained 
from that agency by qualified requestors. 



The bulk of this annual report is contained in the attached reprints 

which have appeared during this period o r  a r e  in press.  

I. Carson, P. E., Okita, G. T., Frischer, H., Hirasa, 
J., Long, W. K., Brewer, G. J.: 
Patterns of Hemolytic Susceptibility and 
Metabolism, Proc. 9th Congr; europ. SOC. 
Haemat. Lisbon 1963 (S. Karger, Basel/ 
New York 1963), p. 655. 

14 This paper presents data concerning C 0 expired after injection 
2 

of C14 labeled glucoses, glutathione reductase activities in hemolysates of 

G6PD and glutathione reductase deficient erythrocytes, and a set  of stromal 

effects on hemolysate enzymes. Such data obtained at  the whole body, 

cellular, and molecular levels give a pattern of hemolytic susceptibility 

and metabolism relating especially to  carbohydrate metabolism. Although 

there clearly a re  changes in  the whole body carbohydrate metabolism in 

G6PD deficiency we have been unable to confirm the recent report by 

Chanmugam and Frumin purporting to show abnormal ora l  glucose tolerance 

responses in G6PD deficiency. 

vol. 271, 23, 1202, Dec. 1964). Data on this point have been obtained both 

in this hospital and at the Stateville Project in 1956-57, 1960-61, and most 

(The New England Journal of Medicine, 

- 

. recently in 1964 and early 1965. A manuscript concerning this subject is 

being prepared. 

11. Bowman, J. E., Brewer, G. J., Frischer, H., 
Carter, J. L., Eisenstein, R. B., and 
Bayrakci, C. : A Re-Evaluation of the 
Relationship Between Glucose-6-Phosphate 
Dehydrogenase Deficiency and the Behavioral 
Manifestations of Schizophrenia. J. Lab. &Z 

Clin. Med., vol. 65 222, 1965. 2 
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A relationship between G6PD deficiency and schizophrenia had 

ear l ier  been suggested. (Dern, R. 3. and Brewer, F. J., Clin. Res., 

- 10: 80, 1962, Abstract: Dern. R. J. et  al. J. Lab. & Clin. Med., 62: - 

319, 1963). On the other hand Dr. W. K. Long (who obtained part  of his 

recent training with us) was unable to confirm this. A definitive study 

of this important question appeared necessary and is given in the attached 

reprint. These results clearly indicate no statistically significant 

correlation between these two conditions. Other possible relationships 

between metabolic derangements and schizophrenia probably do exist and 

may, indeed, be different in G6PD deficiency. This would, however, 

have to b.e in a far more subtle fashion than a simple correlation. 

III. Bowman, J. E., Carson, P. E., Frischer, H., 
Kahn, M., and Ajmar, F. A,: A capil- 
lary Tube, Nile Blue Methemoglobin 
Reduction Test for Glucose-6-Phosphate 
Dehydrogenase Deficiency, Proc. 10th 
Cong. Int. SOC. Blood Transf. Stockholm 
1964. (S. Karger, BasellNew York) in press. 

A capillary tube methemoglobin reduction test has been developed 

which is by far the most practical and easy test yet devised for determin- 

' ing G6PD deficiency. Not only does it require little blood but for reasons 

not as yet understood appears to distinguish heterozygotes better than by 

enzyme assay and as well or better than the original Brewer's macro 

test. Furthermore, it is, of course, not only useful in pediatric cases, 
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adapted for field work. - 
N. Frischer, H., Carson, P. E., and Bowman, J. E.: 

Methemoglobin Reduction in Intact G6PD 
Deficient and HbM Erythrocytes, Proc. 
10th Cong. Int. SOC. Haemat. Stockholm 
1964, (S. Karger, Basel/New York) in  press. 

The methemoglobin elution of intact cells has been deveioped 

by Dr. Frischer as indicated in the attached paper and as has been 

previously described in proposals and reports concerning this contract. 

The addition of this technique has several very significant consequences 

for our work. It adds the parameter of intact cell study to whole body 

and hemolysate and molecular studies. The technique can be used to 

show that the Lyon hypothesis of x-inactivation is not proven in human 

erythrocytes. It is especially adapted for field work in terms of several  

disorders particularly methemoglobin disorders and enzyme deficiencies. 

It has a very possible application to malaria and drug toxicity which is 

being explored, and finally i ts  use in certain pretreatments of cells 

before )applying this technique will be of especial value in conriection with 

earlier studies on radiation effects. 

o r  x-radiation this technique more than any other offers the opportunity 

for  revealing changes induced by such treatment. This, of course, is in  

addition to various other treatments of cells in terms of serum, plasma, 

Namely, after treatment by ultra 
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ionic, and drug effects. In addition, this technique has revealed several 

very new findings concerning HgbM disease and the structure of hemo- 

globin especially as related to cyanide reactivity. This work is in 

progress and will be published during the next year. 

V. Additional investigations of previously described projects 

are continuing and w i l l  be presented in both interim reports and in the 

next annual report. These include further studies of membrane effects, 

of drug toxicity with labeled tritiated DDS in connection with hemolysis, 

carbohydrate metabolism, and antimalarial activity, and of genetic and 

molecular variants of several  enzymes as revealed by vertical starch 

gel electrophoresis. 

VI. Bowman, J. E. and Frischer, H.: Malaria, G6PD 
Deficiency and Sickle-cell Trait. Brit. 
Med. J., 1378, 1964. 

VU. General reorganization of the program and facilities for . 
work being done under this contract. 

I 
, New expanded facilities for our group have been made available 

by the University. The principals who will use the new facilities include 

Dr. Robin D. Powell, Dr. 3ames E. Bowman, Dr. Henri Frischer, 

and Dr. Franco Ajmar. This expansion and coordination of previously 

segregated effort is expected to be completed in July 1965. 

...... 
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