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STUDIES OF ThE PROCESS OF INTESTINAL IRON ABSORPTION IN RATS. Elmer B. Brown and

Mary Rother, Department of Internal Medicine, Washington University, St. Louis, Mo.

Radioactive iron was given orally to rats which were then killed at various times in

order to study the distribution of labeled iron within intestinal mucosal cells during the

process of iron absorption. Rats, fasted for 16 hours, were given 100 �g. of FeSO4 labeled

with 5 j�c. of Fe59. Periods of absorption varied from one minute to 48 hours. Segments

of proximal intestine were washed and the mnucosal cells were harvested, homogenized,

and fractionated by differential centrifugation into suhcellular particles and a nonparticu-

late solution. Radioiron was detected in plasma samples within one minute after instillation

into the duodenum. Mucosal radioactivity increased to a maximum at 60 minutes and then

declined; niost absorption from a single holus of radioiron occurred during the first three

hours. Subcellular fractionation of mucosal homogenates one minute to 48 hours after

radioiron administration showed: increasing percentages of Fe59 in the “nuclear” fraction;

constant low values in “mitochondria”; rising “microsomal” radioiron for approximately

three hours with a subsequent decline; and a progressive decrease in nonparticulate radio-

activity. Further fractionation of the nonparticulate material with perchloric acid pro-

duced a protein-free solution containing most of the radioactivity during the first 15

minutes of the absorptive process; later the radioiron was predominantly protein bound.

Characterization of these two fractions suggests that the iron-binding protein is distinct

from ferritin; the nonprotein fraction migrates with the amino acids glycine and serine.

In iron-deficient rats the amino acid-associated radioiron predominates for longer periods
after administration with relatively little accumulation of protein-bound iron. The addition

of ascorbic and succinic acids enhances radioiron absorption, especially when these two
acids are combined. These observations suggest that pathways of iron absorption in the

rat are different from those proposed in the classic “mucosal block” theory.

STUDIES ON EFFECTIVE ERYmisoPolr.srs IN MAN: I. “LOW-OUTPUT” PATTERNS OF ERYm�o-

POXETIC FAILURE. A. I. Samuels, Department of Medicine, University of California Medi-

cal Center, and the Cedars of Lebanon/Mt. Sinai Hospitals, Los Angeles, Calif.

Employing a new method described recently by the author, effective erythropoiesis

( EE ), the rate of entry of newly formed red blood cells into the circulating blood, was
studied in 50 anemic patients. Among a group of patients characterized by low output

erythropoietic failure ( LOEF ) , in which evidence of accelerated erythropoietic response

is lacking, three different kinds of curves representative of impaired EE were observed.

The purpose of this paper is to describe these curves and to indicate their hematopoietic

significance.

EE was determined by measuring the rate of erythrocyte cholinesterasc ( RBC-ChE)
regeneration. In eight normal human subjects the curve representing RBC-ChE regenera-
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tion was a straight line, the slope of the curve was positive throughout, and the average

rate of regeneration ( R ) was 1.0 per cent per day ( 0.8-1.3� . In four patients with aplastic

anemia and total aregenerative anemia the slope of the curve was negative and its shape
was exponential. In a patient with pernicious anemia in relapse, the slope of the curve

was negative but the shape of the curve was linear. On the sixth day of vitamin B12

therapy, 48 hours after the appearance of the reticulocyte response, the slope of the curve
abruptly became positive and R was calculated to be +34.1 per cent per day. Thereafter

the VPRC rose progressively in linear fashion. A similar response was observed in two pa-

tients after the administration of iron for iron deficiency anemia. Similar curves were ob-

served in two patients with hypoplastic anemia without therapy. In a patient with Gaucher’s
disease and in two patients with myelofibrosis the curve of RBC-ChE regeneration was

essentially linear, the slope was positive, and R was 0.3-0.5 per cent per day.

With this method it appears that various types of “low output” erythropoietic failure

can be documented and the response to therapy titrated.

ERYTHROBLAST MATURATION IN BONE MARROW CULTURES: EFFECT OF EBYTHROPOIETIN.

Edward R. Powsner and Lawrence Berman, Medical Research Department and Radioiso-

tope Service, Veterans’ Administration Hospital, Dearborn, and Department of Pathology,

\Vayn’e State University College of Medicine, Detroit, Mich.

Development of an in vitro model for the study of erythroblast maturation has been

reported previously from these laboratories. Maturation is measumed both as the incorpora-

tion of C’4 glycine or Fe59 ( ferrous ) into heme and morphologically as the accumulation

of orthochomic normoblasts.

This model has now been used to study the effect on maturation of preparations of

erythropoietin known to be active in vivo. They include extracts of the urine of anemic

patients ( A. Gordon; F. Stohlman ), extracts of the plasma of anemic sheep (W. F. White;

L. 0. Jacobson, E. Goldwasser, et al. ) , and extracts of plasma of anemic rabbits ( C.
Keighley and H. Borsook; W. Rambach).

Preliminary results strongly suggest that the addition to the cultures of some, but not all,

of the preparations of erythropoietin results in an increase in CII heme synthesis.

Consistent but statistically significant small increases (up to 17 per cent) in heme

synthesis have been obtained with extracts of plasma of both anemic rabbits and sheep

as compared to controls. One urinary extract decreased heme synthesis. The decrease was

less marked when a more purified preparation was used.

In addition to these cultures of human bone marrow, preliminary cultures of normal
rabbit marrow cells have been tested with an active erythropoietin preparation. Results

indicate somewhat larger increases in heme synthesis ( 30 to 50 per cent ) . A small but
significant increase is present when the concentration of erythropoietin is decreased as

low as 0.0001 mg ( protein ) per ml. of bone-marrow suspension.
These experiments demonstrate a direct effect of erythropoietin on the erythroblast in

vitro measured by an increase in C14 heme synthesis and by quantitative morphologic data.
They do not indicate whether erythropoietin acts solely or directly on the intracellular

synthetic pathway for hemoglobin synthesis or indirectly on other aspects of cell growth

and proliferation.

AN EVALUATION OF TILE NIEAsu�E�r OF RED CELL SURVIVAL WITH DIISOPROPYLFL.UORO-

PHOSPHATE-P32 (DFP32). Martin I. Cline and Nathaniel 1. Berlin, National Cancer Insti-
hmte, National Institutes of Health, Bethesda, Md.

DFP32 has not been widely used to measure red cell survival in man or in experimental

animals although it was first suggested as an erythrocyte label by Crob, Lilienthal, Harvey

and Jones in 1947 (Bull. Johns Hopkins Hosp. 81:217, 1947).

\V� undertook to evaluate DFP32 as a red cell marker using a simplified technique of
isotope measurement and using C14-glycine and chromium-Si � as independent measures

of red cell life span.
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Dogs: The uptake of intravenously administered DFP32 by the erythrocytes of adult

dogs was found to be dose-dependent with a gradual increment in uptake in the range

l)etWeen 0.03 and 0.26 mg/Kg. Random labeling of erythrocytes with DFPI2 gave survival

times of 103 to 139 days with a mean of 121 days in five dogs. Effective blocking of

erythrocyte uptake of DFP32 could be achieved by prior administration of unlabeled DFP.

If there was a sufficient timelag between administration of unlabeled DFP and DFP32 a

cohort of cells of similar age could be labeled. Using this technique and the C14-glycine

method as cohort labels the erythrocytes formed in response to acute hemorrhage were

found to have a shortened stmrvival with a pattern of random destruction.

Man: Erythrocyte survival in seven patients with hematologic disorders was determined

simimltaneotmsly by random labeling with DFP12 and with chromium-51 and cohort labeling

with C’4-glycine. Red cell survivals of 59 to 124 days were found by the DFP32 method.

These data were in good agreement with the erythrocyte life spans obtained with C’4-

glycine. The chromitmm-51 technique failed to reflect moderate shortening of red cell life

span.

It is concluded that I)FP32 can provide a technically simple and useful method of
measurement of red cell survival by either random or cohort labeling.

A QUANTmTATIVE RADIOACTIVE ANTIGLOBULIN Tr..sT. Nicholas Costea, Robert Schwartz,

Matthew Constantoulaki.r, and William Dameshek, Blood Research Laboratory, Pratt
l)iagnostic Clinic-New England Center Hospital, and Department of Medicine, Tufts

University School of Medicine, Boston, Mass.

Previous experience with antiglobulin sera and elation techniques indicated the im-

practicability of obtaining a quantitative estimate of the degree of erythrocyte coating in

autoimmmmne heniolytic anemia. For this reason the present studies with P31-labeled rabbit

antihtmmiian globimlin sertmm were undertaken. A method was developed in which the imon-

specific uptake of radioactive antiglohulin serum ( RAG ) was reduced to a minimum,

while sensitization of cells could be easily detected. The uptake of RAG was found to be

(lependent tmpomm 1)H, temperature, inctmbation time and the amnount of sensitizing antibody

used. \Vithin certain limits a linear relationship between RAG uptake and titer of sensitizing

antibody was observed. Eighty samuples of nornml rythrocytes had an uptake of 1.43 ±

0.4 ,�g. N/mi. RBC; the values in 12 cases of autoimmune hemolytic anemia were 2.8-29.0

,ig. N/miil. Quamititatiomi of erythrocytes sensitized by anti A, B, D, CD, Fya, JKa and Limb

was possible. The test was reproducible on a day-to-day basis and was independent of the

particular sample of RAG used, provided it was present in excess. Weakly sensitized,

Coombs-negative red cells could be detected by this method. The “4-plus” serologic re-

action was found to have a wide range of antibody coating. The correlation between RAG

imptake, severity of atmtoimnitmne hemolytic anemia, and therapy will be discussed in the

light of these findings.

CURRENT STATUS OF THE HEREDITARY HUMAN GAMMA-GLOBULIN GRouPS. Hugh Fuden-
berg, Department of Medicine, University of California School of Medicine, San

Francisco, California.

Since Gruhh’s demonstration of a genetically determined variation in himmnan y-globulin

imi 1956, six additional genetic factors in human y-globulin have been defined by family

and population 5tU(lies. In Caucasians, two loci, segregating independently, control the

production of six well defined factors. Genes at the first locims determine the production

of foimr factors, tentatively termed Gnm 1 ( a ) , ( b ) , ( x ) , and ( r ) . Cm 1 ( a ) and ( b ) are
inherited as simple Mendelian codomuinant, non-sex-linked factors. Gm 1 ( x ) and ( r ) occur

only in Gm 1 ( a+ ) whites, imm a mmianner somewhat analogous to the subgroups of the A

antigen in human erythrocytes. Genes at a second locus, tentatively termed Gm 2, deter-
mine the production of the allelic factors Gm 2( a ) amid Gm 2( h). A seventh factor,

“Gm-like,” occurs only in Negroes, and is independent of the Cm 2 locus. Its relation to

the Gm 1 locus has not as yet been clarified (Steinberg).
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The data to be presented demuonstrate that the Gm factors are confined to the 7S corn-
ponent of normal and abnormal y-globtmlin, and are absent in the 19S and y� c�ornponents.

7S monomers obtained from ptmrified 19S and � ,� materials by treatment with sulfhydryl

reagents also lack Gm properties. The data ftmrther indicate that in heterozygosms subjects

the allelic factors are present in different molecules of the 7S y-glohulin.

CHROMOSOME Si-uDlmcs IN HEMATOLOGY. Johii F. Jackson (Sponsored by Charles C. Sprague),
Tulane University School of Niedicine, New Orleans, La.

Chromnosomne counts were performed in acute leukemia, chronic lymphocytic leukemia,

chronic granimlocytic leukemia, mimltiple rnyeloma, polycythemia vera, leukernaid reaction

and hypoproteinemia. Metaphase squash preparations from bone marrow cultured in

TC199 for 24 hotmrs, or peripheral blood leimkocytes cmmltimred in TC199 for 72 hours in the

presence of phytohemagglutinin, was the basic material for study. Letmkemic peripheral

blood letmkocytes ctmltured 48 hotmrs without phytohernagglutinin were also suitable. Treat-

ment of cimltimres one to fotmr hours with colcernid to arrest mitoses in metaphase, followed

by hypotonic treatment in one per cent sodiumu citrate, fixation in 50 per cent glacial acetic
acid and squashing in aceto-orcein produced satisfactory spreads for cliromnosorne analysis.

Aneimploid cells were of mtmch greater occurrence in the hematologic nmlignancies in corn-

parison to normals and simch diseases as cretinism, rntmsctmlar dystrophy, hepatolenticimlar

degeneration, and intersex problems. Hyperdiploid cell nopimlations with 47 chromosomes

in addition to the normal 46 chromosome mode wre frequently found in the hematologic

malignancies, btmt were not present in leukemoid reaction or dysproteinemia. Tetraploid

cells were frequently noted, especially in multiple myeloma, where octoploid cells were

also noted. Simplified techniques for chromosome analysis provide an additional tool for

the further characterization of many diseases. Specificity of chromosomal abnormality may

he associated with certain hematologic diseases.

A SIMPLE METH0o FOil DETECTION OF ERYTHROCYTE GLUc0SE-6-PH05PHATE DEHYnmso-

GENASE ( G-6-PD ) DEFICIENCY. Virgil F. Fairbanks and Ernest Bent/er, City of Hope

\It’(licmil Center. I)uarte, Calif.

There is a continimed flee(l for a simmiple amid rapid screening test for erythrocyte G-6-PD

(kficiency. \Ve have investigated the possibility of limiking tetrazolium dyes to TPN re-

duction to develop such a test. A method has been (levelope(I which can be performed
with a minimum of equipment, using stal)le, premeasimred mailable reagents, which per-

mits visual interpretation of a strongly colored and relatively stable dye.

Whatman DE-20 paper is treated with 0.02 cc. of a 0.26 NI KH2PO4 sohmtion per

sqimare cm., and dried. Approximately 0.004 cc. of packed erythrocytes are applied to a

6 mm.-diamueter circle on the paper, and are dried. The paper is placed in distilled water

at room temperature for 20 minutes, blotted, and placed in distilled water for an addi-

tional 20 minutes and blotted again. This removes hemoglobin and some other proteins,

leaving a very light yellow spot. The paper is now dried. A “spot reagent” is applied. A

strong purple color develops in two minutes with normal erythrocytes; little or no color

(levelopS with G-6-PD-deficient erythrocytes. A mnl. of the ‘spot reagent” cootaimis the
following: glucose-6-phosphate, 12.0 mg.; MTT p3(4,5 dirnethyithiazolyl 1-2) 2,5 diphenyl

tetrazolium bromnidel 2.0 mg.; TPN, 1.0 mug.; phenazine methosimlfate, 0.02 rng.; MgCL,.

6H20, 3.0 mg.; and 0.02M phosphate buffer, pH 7.0, 0.5 cc. These reagents can he
prepared together in a test tube in the dry state and are stable for at least eight weeks.

\Ve have compared this test with the glutathione stability test and the spectrophoto-

mnetric assay of G-6-PD in normal subjects, and in Negro and Caucasian subjects with

G-6-PD deficiency. Good correlation has been established. Since the reagent for this test

(��fl he prepared in advance in mailable, stable form, any laboratory should be able to

p:’rforrn this test with only a pipette, beaker, and distilled water.
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THE REDUCTION OF Mi-rn�1ocLomN u’� NORMAL, GLucosE-6-PHO5PHATE DEHYDROCENASE

Drncniwr, AND CONGENITAL METHEMOCLOBINEMIA E1IYTHROCYTES. Ernst R. Jaff#{233},Dc-

partment of Medicine, Albert Einstein College of Medicine, New York, N. Y.

Although the precise mechanism by which methemoglobin ( MetHgb) is reduced to

hemoglobin ( Hgb ) in human erythrocytes is still not completely understood, evidence has

accumulated to indicate that the process is associated with metabolic activity. requires

regeneration of reduced pyridine nucleotides, and involves an electron transport system.

In the present study, MetHgb was produced in erythrocytes from normal adults, Negro

males whose erythrocytes were deficient in glucose-6-phosphate dehydrogenase activity

( G-6-PD-D ), and from a woman with congenital methemoglobinemia without abnormal

hemoglobin ( Cong. MetHgb), by incubation with sodium nitrite. Washed erythrocytes

were further incubated without substrate or with glucose or inosine. Reduction of MetHgb

to Hgb occurred at equivalent rates in normal and G-6-PD-D erythrocytes, but failed to

occur in the Cong. MetHgb erythrocytes. The reduced triphosphopyridine nucleotide

( TPNH ) methemoglobin reductase system was assayed by incubating hemolysates of

MetHgb-containing erythrocytes with TPNH and methylene blue. No difference was ob-

served in the rate of reduction of MetHgb in normal, G-6-PD-D, and Cong. MetHgb

hemolysates. The reduced diphosphopyridine nucleotide ( DPNH) methemoglobin re-

ductase system was assayed by incubating similar hemolysates with DPNH and 26-

dichlorobenzenone indophenol. No difference was observed in the reduction of the dye

by normal and G-6-PD-D hemolysates, hut reduction by the Cong. MetHgb hemolysate

was markedly deficient. These observations confirm other reports that there is no abnormality

iii the reduction of MetHgh in intact G-6-PD-D erythrocytes in the absence of methylene

blue and demonstrate that the TPNH- and DPNH-utilizing methemoglobin reductases are

normal in these cells. The findings also support the theory that normal reduction of MetHgb

to Hgb is dependent upon a DPNH-utilizing system that is deficient in erythrocytes of cer-

tam patients with congenital methemoglobinemia of the enzymatic type.

PYRUVATE KINASE ( PK ) -DEFICIENCY HEREDITARY NONSPIIEROCYTIC HEMOLYTIC ANEMIA.

Kouichi R. Tanaka, William N. Valentine, and Shiro Miwa, Department of Medicine,
University of California Medical Center and Wadsworth Hospital, Los Angeles, Calif.

The congenital nonspherocytic hemolytic anemias represent a heterogeneous group. The

seven cases ( three males and four females, aged 2 to 38 years ) here reported correspond

in all major respects to those classified as Type II by Selwyn and Dacie. They are non-
spherocytic, hemolytic, Coombs-negative anemias, and exhibit increased autohemolysis,
not correctible (or only partially correctible) by glucose, but corrected by adenosine tn-

phosphate (ATP) or adenosine diphosphate. Splenectomy in four patients has not resulted

in significant improvement. The clinical severity and transfusion requirements vary widely.

The erythrocytes were assayed for both glycolytic and nonglycolytic enzyme activity.

The significant finding was the markedly reduced activity of red cell pyruvate kinase (PK)
in all seven patients. Interestingly, the leukocytes have normal PK activity. Glucose-6-

phosphate dehydrogenase and enzymes in the Embden-Myerhof pathway other than PK,

as well as a group of nonglycolytic erythrocytic enzymes, were normal or increased in

activity. Low pyruvate kinase values similar to those of these patients have not been found

in a survey of a variety of other hematologic and nonhematologic disorders.

Family data ( including 43 members of one kindred ) are consistent with an autosomal

recessive mode of transmission of the defect. The heteorzygotes demonstrate about one-

half the normal level of red cell PK activity, but are clinically well and have normal

hemograms.

Red cells are dependent primarily upon glycolysis for their energy-producing mechanism.

Since the pyruvate kinase step is essential for regeneration of ATP, the demonstrated de-

feet would be expected to impose a serious metabolic handicap. This presumably is related

to the hemolytic process. It is suggested that this disorder he called “Pyruvate kinase ( PK)
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deficiency hereditary nonspherocytic hemolytic anemia,” which appears to represent another

inst�nce in which clinical disease is definable at the molecular level.

AN ABNORMAL FETAL HEMOGLOBIN PROBABLY BASED UPON AN ALPHA CHAIN ABNORMALITY.

1-fe/en M. Ranney and Cathleen O’Brien, Albert Einstein College of Medicine, New

York, N. Y., and University of Vermont, Burlington, Vt.

Biochemical studies of hemoglobin have led to the theory that inherited abnormalities

in the a polypeptide chain of hemoglobin will result in abnormal fetal hemoglobins, whereas
abnormalities in the /3 chain will be unapparent or nearly so at birth. There are, however,

few clinical observations to corroborate the theory. The family to be described was de-

tected because an abnormal fetal hemoglobin was found in a survey of cord bloods in
Burlington, Vermont. This unusual fetal hemoglobin had anodal electrophoretic mobility

at pH 8.6 greater than the mobility of hemoglobin A. The rapid hemoglobin component
exhibited increased alkali resistance and was initially thought to represent Bart’s hemo-

globin (4�F). The mother of the child was of Italian and French-Canadian extraction,

while the father was of Northern European ancestry.

Hematologic examination including hemoglobin electrophoresis of the blood of the

mother and of her parents disclosed no abnormalities. However, an abnormal hemoglobin

comprised some 20 per cent of the father’s total hemoglobin. The father’s rapid abnormal

hemoglobin component had greater electrophoretic mobility than the abnormal component

of his newborn son; the father’s hemoglobin exhibited the same alkali resistance as normal

hemoglobin A. The father’s abnormal hemoglobin has been tentatively designated as hemo-

glohin I; the abnormal fetal hemoglobin as hemoglobin Burlington ( 2am 2y�’).

Results of recombination experiments and of amino acid analyses will be discussed.
Three points of clinical interest are illustrated by this family study: (1) It lends further

support to the idea that abnormal fetal hemoglobins will result from a chain abnormalities,

whereas /3 chain abnormalities will appear only after birth. (2) It indicates that fetal hemo-

globins other than Bart’s may have both rapid electrophoretic mobility and increased alkali

resistance. (3) It illustrates again that abnormal hemoglobins in the United States are
found in persons who do not have known Mediterranean or Negro ancestry.

FORMATION OF DIFFERENT HEMOCLOBINS IN TIssuE CULTURE OF HUMAN BONE MARROW

TREATED WITH HUMAN DEoxYmBoNuciEIc ACID. Lorraine M. Kraus, Division of Chem-

istry, University of Tennessee Medical Units, Memphis, Tenn.

Tritiated thymidine-labeled deoxyribonucleic acid (DNA) extracted from human bone

marrow cells from a person having only hemoglobin A was incubated for 10 days with

bone marrow obtained from a patient with sickle cell anemia with hemoglobin S and eight

per cent hemoglobin F. Autoradiograms demonstrated the labeling of the DNA from Rb-A
bone marrow and the presence of the H�DNA in nucleated erythrocytes and other marrow
cells of the Hb-S bone marrow. After 10 days’ incubation with H3DNA the bone marrow
was incubated with Fe59 and iron59-labeled hemoglobin resulted, thereby showing the

synthetic ability of the 10-day bone marrow tissue culture. Cell hemolysates were prepared
from the tissue culture and from peripheral blood of Hb A ( source of DNA ) and Hb S

(original tissue culture). The absorption spectra of all these in the range 220 to 700 m�
were superimposable and typical for oxyhemoglobin with a small amount of methemoglobin.

Hemoglobins electrophoretically different from Rb A and Hb S were demonstrated on

paper and agar electrophoresis of the cell hemolysate from the DNA-treated tissue culture.

Electrophonesis of the polypeptide chains of the hemoglobins from DNA-treated tissue

culture showed the presence of the original aA, $1, �, polypeptide chains, and in addition

$A and possibly an altered a-polypeptide chain. The results of these experiments will be

discussed in reference to hemoglobin as an indicator of DNA-induced transformation of

mammalian cells.

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/18/6/780/751782/780.pdf by guest on 19 M

ay 2023



786 AMERICAN SOCIETY OF HEMATOLOGY

ABNomu�IALITmES OF THE IMMUNE RESPONSE IN CHILDREN WITH HEMOCLOBINOPATHIES.

G. William G. Tlzurnman (Spon.sored !iy C/mar/es C. Sprague), Emnory University School

of l’sledicine, Atlanta, Ga.

In a sttm(ly reported to the Annual Meeting of the American Society of Hematology in

1959, there was some indication that children with abnormnal hemoglobin patterns did not

respond as well to some antigenic stimuli as did children with normal patterns. The fol-

lowing sttm(ly was planned to demonstrate this difference:

Five groups of children were stimdied:

Group 1 : Twenty children with homozygous A hemoglobin patterns by paper electro-

phoresis; no elevation of A�, or F demonstrable.

Group 2: Twenty-two children with homozygous S hemoglobin patterns by paper dcc-

trophoresis.

Group 3: Twenty children with both A and S patterns by paper electrophoresis; also no

elevation of A� or F.

Group 4: Nine children with S and C hemoglobin patterns by paper electrophoresis.

Group 5: Fotmr children with thalassemia minor.

After comi�plete history and physical examination, each child had baseline agglutinations

for typhoid, timlaremia, and brucella antibodies. Study of all those with detectable levels

of antibody was (liscontiflue(l; all of the other children were immunized first with typhoid

vaccine; 2 1 (lays after the last dose of vaccine, circimlating antibody levels again were

(letermined. One month later, they were irnmimized with acetone-extracted tularemia

vaccine; after ten days, antibody levels were drawn for comparison with the prevaccination

levels. Following a fimrther interval of one month, the children were immunized with

brucella antigen; in a similar fashion, circulating antibody levels were determined for

comparative purposes. Serum electrophoretic patterns were obtained on all patients in an

attempt to identify specific abnormalities of gamma globulin or other fractions.

The results to be presented indicate a significant difference between group 2 and group

1; an even mimore striking finding was that groimp 3 also differed from group 1; minor dif-

ferences were noted in groimp 4 and 5 when compared with controls. The relationship to

various electrophoretic patterns will l)e cliscusse(l.

FoLme-Acli, 1)EF’m:IENcy AS A LmaIIrlNc FActoR iN THE ANEMIAS OF ‘IHAI.ASSEMIA MAJOR.

A. Leo�mard Lu/thy, Jack M. Cooperman, Robert Feldman, Joseph Gera�lo, Julia Herrero,

(liE! James F. !%Iarlc,j. New York NIedical College, New York, N. Y.

A recent report from our laboratory ( Lancet 2:49(), 1961 ) indicated that folic acid

deficiency is a heretofore tmnsuspected limiting factor in the acute anemic crises as well as

in the recurrent anemia of patients with thalassemia major. In such individuals, administra-

tion of folic acid prodimced hematologic, biochemical, and clinical improvement.

The acimte anemic crisis in patients with thalassenmia major who do not require frequent

transfusions, although similar to that observed in other chronic hemolytic anemias cuch

as sickle cell and congenital spherocytic anemia, is less widely recognized than in the

latter disorders. \\Te have found that folic acid deficiency is frequently associated with

these actmte anemiiic episO(les. This was most clearly revealed by increased urinary for-

mnimuinoglutaniic-acid ( FIGlim ) excretion following histidine metabolic loading ( Proc. Soc.

Exper. Biol. & Med. 101 :350, 1959 ). It is of theoretic and diagnostic interest that, although

megaloblastosis was present in some instances, erythroid and myeloid morphology was

normoblastic in mimany cases where increased fonnimuinoglutamic-aciduria after histidine

loading indicate(l folic acid deficiency existing l)iOcbemically. Serum m1 2 levels
were normiial in all cases; serumii folic acid activity was low to normal.

The etiology of folic acid (leficiency in these patients is not completely understood. Jandl

and Greenberg ( New England J. Med. 260:461, 1959 ) suggested that there is an increased

local tissue re(Iuirement for folic acid due to increased red cell turnover. We fommnd, how-

ever, that many patients have a decreased ability to absorb folic acid from the gastro-

intestinal tract. This may account, in part, if not entirely, for the folic acid deficiency.
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In patients with thalassemia major who require frequent transfusions, we found that,

when folic acid deficiency was demonstrable, administration of folio acid increased or

mnaintained hemoglobin levels so that the interval between transfusions was prolonged.

Results of experiments in progress on the folic acid metabolism in these patients will

be presented.
By reducing transfusion needs, these findings give promise of a new therapeutic ap-

proach to the acute and recurrent anemia in this chronic disease.

CORRELATION BETWEEN SERUM F0LIC-Acrn AcTlvrry AND RESPONSE TO ANTIFOLATE

THERAPY. Barth Hoogstraten, Herman Baker, and Peter Reizen.ctein, Departments of

Hematology and Chemistry, The Motmnt Sinai Hospital, New York, and The Brookhaven

National Laboratory, Upton, N. Y.

The sensitivity or resistance of neoplastic diseases to antifolate therapy may be deter-

mined by assay of the serum folio acid activity ( SFAA ) ; the SFAA levels appear to con-

relate with the state of the diseases studied.

Microl)iolOgic assay of SFAA of 150 patients with hematologic neoplasias revealed

low values in patients with active disease, three of whom had associated megaloblastic

anemia, and normal levels in patients in complete remission. No such correlation existed

with serum vitamin-B1., levels. With serial SFAA determinations, significant changes were

noted during the varying stages of the imnilenlying diseases.

Acute lymphoblastic leukemia ( ALL ) was the only disease thus far studied in which

patients with active disease had normal or near-normal SFAA levels. Of three patients

with ALL treated with antifolates, two had a normal SFAA and both responded to therapy,
while the third patient with a low SFAA value failed to respond. In addition, dimning re-

lapse, low SFAA levels were noted and repeat courses of antifols were ineffective.

Three patients with Hodgkin’s disease and low SFAA levels did not respond to antifolate

therapy, while one patient with Hodgkin’s disease and one with lymphosarcoma, both of
whom had normal SFAA values, had complete remissions after therapy.

The possible mechanism of resistance and sensitivity to antifolate therapy will be
discussed.

Tmc ASSAY OF \VARFABIN AND ITS BIOLOGIC APPLICATmON. R. A. O’Reilly, P. M. Aggeler,
lII. S. Hoag and L. Leong, Children’s Hospital, San Francisco, Calif.

There is considerable and unpredictable individual variation in prothrombinopenic re-

sponse to coumanin anticoagulant drugs, which has not been resolved by elegant clotting

factor tests. We propose to approach the problem by relating the pharmacologic behavior

of these drugs to their biologic activity. No previous studies of this type have been done

with Warfarin. To this end we have developed a Warfanin assay in which the biologic

material is extracted with acidified ethylene dichloride, washed with mild alkali, recovered

with strong alkali, and measured spectrophotometrically.

Extinction coefficients of Warfarin and Dicumarol UV spectra were obtained with pure

drug in 2.5N NaOH. Correlation graphs of optical density and apparent Warfanin concen-
tration were prepared from appropriate standards. Beer’s Law was obeyed over the con-

centrations tested. The pH effect on aqueous-organic phase drug distribution was studied

to predict drug behavior and loss dimning the assay.

Assay specificity was evaluated by comparing the UV spectra of pure drug, assayed

standard, and test plasma-virtually identical. These drug sources were carried through

an 8-transfer countercurrent distribution scheme. The distribution spectra have single peaks

in the same tube; the experimental and predicted values agree and yield a calculated

purity of 98.5 per cent for the assay.

The following data were obtained for Warfanin and Dicumarol after single doces in the

same individuals:
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Warfarin Dicumarol
0.75-1.5 mg/Kg. 4.5-9 mng./Kg.

Stool elimination (per cent of dose) 0 15-30

Urine excretion ( per cent of dose ) 10-20 0

Maximum blood level (hours ) 4-8 6-74

Average biological half-life ( hours ) 48 54

Plasma nonprotein-bound drug ( per cent ) 3 <1

These preliminary data indicate that gastrointestinal I absorption of \Varfanin is rapid

and complete, and of Dicumarol is often slow and incomplete. Plasma nonprotein-hound

drimg may relate to drug urinary excretion.
A direct correlation was found for Warfarin biologic half-life and prothromnbinopenic

response in the same individual on varying doses, and in different individuals on a standard

dose.

ROLE OF AC-GLOBULIN IN PROTHROMBIN ACTIvATION. Walter H. Seegers and Bicardo H.
Landaburu, Department of Physiology and Pharmacology, Wayne State University, Col-

lege of Medicine, Detroit, Mich.

Methods have been developed for obtaining concentrates of Ac-globulin from bovine

plasma. First the prothrombin is removed by adsorption on barium sulfate. Th Ac-G is

precipitated at pH 5, dissolved in saline, and stabilized by adding S-mercaptosuccinic
anhydride. The solution is fractionated with the use of cold alcohol followed by chromna-

tography on DEAE-cellulose or Ambenlite IRC-50. Finally it is fractionated by iw-electric

precipitation. The main Ac-G fraction precipitates at pH 5.4.
Thrombin becomes more active in the presence of Ac-globulin. The activity measured

as Ac-globulin is actually thrombin activity accelerated by Ac-globulin in the activation

of prothrombin. In other words, thrombin is an enzyme that activates prothrombin, and

it is more active in the presence of Ac-C. Our best experimental demonstration is with

the use of p-toluenesulphonyl-L-arginine methyl ester ( TAMe ) as a substrate. Under
certain conditions, thrombin hydrolyzes this compound more than 24 times as fast in the

presence of Ac-globulin than when none is there.

A total of 4.4 units of thrombin was placed into each of a series of test tubes. This

thrombin was prepared by chromatography on phosphate cellulose by methods already
described (W. H. Seegers and R. H. Landaburu: Can. J. Biochem. Physiol. 38:613, 1960)

and the preparation was homogeneous by several criteria. From tube to tube the Ac-
globulin concentration was increased from nothing in the first to 100 Ware-and-Seegers

units in the last. The TAMe concentration was 0.04 M and thus was there as substrate in

excess. After 30 minutes, the reactions were stopped with the addition of an equal volume
of neutral 40 per cent formaldehyde. Then the extent of TAMe hydrolysis was determined
by titration with 0.025 M NaOH. Each ml. of this reagent was equivalent to 20 units of

thrombin on the standard curve. The substrate hydrolysis was accelerated as the Ac-

gi obulin concentration increased.

The acceleration of thrombin activity was applied in the quantitative determination

of Ac-globulin. Analyses of several plasma samples have been completed and the con-

oentration In human plasma was relatively low; then, in order of increasing concentration,

were plasma from dog, cow, and rabbit.
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FIRST SYMPOSIUM

Monday, November 27, 1961, 2:00-5:30 p.m.

LEUKOCYTIC ENERGIES

Moderator: John W. Rebuck

A BIOCHEMICAL Vu�w OF THE PHACOCYTIC PROCESS. Manfred L. Karnovsky. Biophysical
Laboratory and Department of Biological Chemistry, Harvard Medical School, Boston,

Mass.

The ingestion of particulate matter by phagocytic cells is a phenomenon which has been

studied for many years but which has received very limited attention from the biochemical

viewpoint.

The phagocytic phenomenon could, however, serve as an excellent model for studies

of the metabolic basis of physiological action. Leukocytes could be permitted to ingest

particles in a defined medium, and changes in the utilization of substrates and appearance

of metabolic products that accompany the phagocytic process could be measured. The use

of radioactive substrates would provide additional information.

Such studies have been performed in the last few years. In our laboratory, for example,

an investigation of the metabolic basis of phagocytosis in polymorphonuclear leukocytes,

monocytes and alveolar macrophages of the guinea pig has been conducted. In general,

it was found that for the first two cell types glycolysis provided all the metabolic energy

needed for the ingestion of particles. In the third type of cell, aerobic metabolism was

necessary. Polymorphonuclear leukocytes have been more intensively studied than the

other cells mentioned and exhibit two striking metabolic changes during phagocytosis:

( 1 ) Oxidation of glucose via the hexosemonophosphate pathway and oxygen uptake are

greatly stimulated, even though this apparently provides no utilizable energy; ( 2) incor-

poration of labeled precursors, particularly inorganic phosphate-P32, into lipid substances

is enhanced. Only certain phosphatides, i.e., those with a net negative charge, are affected.

These phenomena in polymorphonuclear leukocytes have probable relevance to cytoplasmic

changes involving, in the first case, the neutrophilic granules, and in the second case

cellular membranes.

PROFIBRINOLYSIN LOCALIZATION IN THE Eosir’�opimmic SERIES. Marion I. Bainhart and

Jeanne M. Riddle, Department of Physiology and Pharmacology, Wayne State University

College of Medicine, Detroit, Mich.

The fluorescent antibody technic provided a direct method to study the cellular site of

profibrinolysin synthesis; also, attention was focused on the function of the eosinophil.

Antisera to human profibrinolysin, produced in rabbits, was coupled to a fluorescent dye

and used to mark those cells containing a sufficient quantity of profibrinolysin. Specific

staining occurred in the eosinophilic series of bone marrow from normal as well as

pathologic material. Liver and spleen exhibited occasional cellular staining which was

correlated with eosinophils present in the tissue. Normal peripheral blood and that from

a few asthmatics revealed only weakly fluorescing mature eosinophils. The specificity of

the cellular fluorescence was established by adsorption with various purified plasma

proteins. Only adsorption with profibrinolysin completely abolished the activity of the

fluorescent antibody. Partial blocking was achieved when the antigenic sites were occupied

by unlabeled antiprofibrinolysin. Fluorescent normal rabbit gamma globulin did not stain

eosinophils specifically. A nonspecific attraction of acid dye to eosinophils was ruled out

since fluorescent antiprofibninolysin stained when the pH varied from 6-8.3. All members
of the eosinophil series exhibited specific staining, with the intenstiy of fluorescence in-

creasing with maturity. The number and stage of granule differentiation correlated well
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with the degree of fluorescence. Smears from a case of acute granulocytic leukemia, in
which many of the developing eosinophils were ruptured, provided a unique opportunity

to study the free granules. These fluoresced brilliantly when treated with rhodamine anti-

profibrinolysin, as did eosinophil granules isolated from a leukocyte concentrate obtained

from the blood of a patient with a 40 per cent eosinophilia.

Thims, eosinophils appear to synthesize and transport profibrinolysin to function in main-

taming the fluidity of the blood.

THE ROLE OF BASoPHiiac GRANULOCYTES IN NONMALIGNANT DISEASE. I. W. Rehuck,
I. i�f. Hodson and R. J. Priest, Henry Ford Hospital, Detroit, Mich.

l)istinction is made between blood basophilic granimlocytes and tissime mast cells: although

separate in origin and individimal in structure they possess similar functions. Basophilic

leukocytes were detected in exudates in experimental animals by Ringoen ( 1923 ) and
Plimpton ( 1940). Basophilic granimlocytic migration in inflammatory eximdates in man was

studied in himmiian skin windows.

Two conditions-tmlcerative colitis (Priest, Rebmmck and Havey, 1959, 1960) and inter-

stitial cystitis-were foimnd to predispose to increased extravasation of blood basophilic

leukocytes. In imlcerative colitis, basophilic granulocytes appeared in increased numbers

three hours after application of diphtheria toxoid, reaching their peak in 14-27 hours.

Such basophils showed pericellular metachromatic diffimsion, hypersegmentatior’ of poly-

morphous nuclei, cytoplasniic edema, and specific granular hypertrophy and vacuolation.

In interstitial cystitis, a still greater migration of basophils occurred, reaching its maximum
at 28 hours. Stmch hasophils showed metachromatic halos, and shedding of granimles and

cytoplasm with some ingestion by nionontmclears. Lakes of metachromatic material were

ringed by basophuls. Biopsies of pyoderma, colon, or bladder, in the respective conditions,

revealed increases in both basophilic leukocytes and tissue mast cells. The significance of

overflooding the exudate with histamine, heparin, and serotonin is underscored. Increased

eosinophulic migrations were noted in skin lesions and organ lesions. Archer ( 1960 ) noted

that eosinophils are mobilized by histamine. Windows in a patient with basophilic granulo-

cytic leimkeniia yielded the same sparse number of basophils present in control lesions. The
increased basophil-mast-cell complex in ulcerative colitis has been confirmed by McAuley

and Sommers ( 1961 ) . Recently, Juhlin and Shelley ( 1961 ) have implicated a similar

basophil-mast-cell complex as the basis of cold urticania, stressing specific degranulation

( histamuine release ) of both cell types in the cold, in addition to the antihistaminic blood

eosinophilia noted by Dimke ( 1960).

ROLE OF THE LYMPHOCYTE iN DELAYED HYPERSENSITmVITS’ AND TRANSPLANTATION hi-

MUNITY. Joseph D. Feldman and John S. Najarian, Division of Experimental Pathology,

Scripps Clinic and Research Foundation, La Jolla, Calif.

Lymphoid-cell smmspensions were derived fron� lymph nodes and spleen of guinea pigs

sensitized to B.C.G. bacilli and which also had received tritiated thymidine to label di-

viding cells. In homnologoims guinea pigs the concomitant intravenous injection of cells pre-

pared in this fashion, and the intradermal injection of PPD, elicited a classical delayed

inflammatory reaction at the skin site. Tnitiated cells were present in significant numbers

among the infiltrating cells. The majority of the labeled cells were mature and immature

lymphocytes. When a mixture of nonlaheled sensitized cells and tritiated nonsensitized

lymphoid elements was used, few or no labeled cells appeared at the PPD test site; nor

were labeled sensitized cells found at the skin-test site when coccidioidin was employed as

a provoking agent in the skin of animals given B.C.G.-sensitized cells.

Lymphoid-cell suspensions were prepared from lymph nodes and spleen of mice sen-

sitized to a homologoims strain both by skin grafts and intraperitoneal spleen cell injections

and which also had received tritiated thymidine to label dividing cells. Isologous mice

received these cell suspensions from three days before to three days after homografting. In
all instances, grafts were rejected in an accelerated fashion at from one to six days after
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transplantation. Few or no labeled cells were ol)served in the honiograft rejection bed.

Similar accelerated rejection of homografts was achieved when the sensitized cells were

enclosed in millipore chambers which were then placed around the periphery of the graft

or within the penitoneal cavity.
In the two experimental models described, sensitized lymphocytes played two roles. In

the passive transfer of tuberculin sensitivity they were physically present in the test site

and were unable to elicit a reaction from a distance. In contrast, in homograft rejection

the sensitized cells were absent from the graft bed and were able to destroy grafts from

a distance.

OBSERVATIONS IN DIFFUSION CHAMBERS ON THE RELATION OF MONONUCLEAR LEUKOCYTES

OF BLOOD TO CONNECTIVE AND HEMATOPOIETIC Tissuzs. Nicholas L. Petrakis, Depart-
ments of Preventive Medicine and Medicine, and the Cancer Research Institute, Uni-

versity of California School of Medicine, San Francisco, Calif.

Experiments are in progress dealing with the in vivo growth and differentiation of normal

and letmkemic leukocytes of man, emiiploying millipore diffusion chambers. The chambers

function as in vivo tissue culture vessels and permit the enclosed cells ( autologous and

homologous ) to he exposed to various himmoral host environments. It has been shown that

cellular homiiografts in diffimsion chami�bers simrvive in nonimmunized hosts if host lympho-

cytes do not enter the chamber.
The blood of normal adult humans and animals has been found to contain mononuclear

leukocytes ( lymphocytes and/or monocytes ) capable of differentiating into connective

tissue histiocytes and fibroblasts when cultivated in diffusion chambers in vivo. Studies

are in progress to evaluate the capacity of these cells to differentiate into hematopoletic

tissues under the simulation of certain nutritional, endocrine, and local tissime influences.

These have included ascorbic acid deficiency, testosterone, bacterial polysaccharides, and

exposure to the heteroplastic bone- and marrow-inducing action of transitional epithelium

of the imrinary bladder. Significant findings include:

( 1 ) Ascorbic acid plays a direct cellular role in the differentiation of guinea-pig mono-

miuclear leukocytes into fibroblasts.

( 2 ) Testosterone and the “inducing” action of urinary epithelitmm can activate the

“mesenchymal” capacity for hematopoietic differentiation of certain mononuclear leuko-

cytes found in blood of adult vertebrates.

These findings are of interest in respect to the pathogenesis of connective tissue diseases,

and the abnormal differentiations characterizing the leukemias and myeloproliferative

syndrome.

PARTICIPATION OF BASOPHILE.S mN INFLAMMATION. Earl P. Benditt, Seattle, Wash.

The basophiles of tissue and blood presently appear to be the principal repesitories of

hepanin and histamine. In rats and mice serotonin is present in the tissue mast cells. An

enzyme with properties like chyrnotrypsin is present in tissue basophiles and possibly in

circimlating basophiles. Evidence on the mode of activation and release of these several

cubstances and their participation in injury reactions will be discussed.

The question of the relationship of mast cells and circulating basophiles is still open.

Present evidence indicates that the several characteristic simbstances are present both in

the free and fixed cells. The two cell types appear to have a different origin, one from pre-

existing mast cells in tissues and the other from leukocyte precursors in the bone marrow.

Relationship of these cells in terms of their operation in disease will be discussed.
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SECOND SCIENTIFIC SESSION

Tuesday, November 28, 1961, 9 a.m.

MECHANISMS REGULATiNG LEUKOCYTE RELEASE FROM PERFUSED FEMURS. Albert S. Gordon,

Burton S. Dornfest, Joseph LoBue, Eugene S. Handler and Henry Quastler, New York

University, New York, and Brookhaven National Laboratory, Upton, N. Y.

We have developed a method for the precise estimation of leukocyte release from iso-

late(l perfimsed femurs of rats. Femurs are dissected free of all surrounding tissue and

capped at both the proximal and distal ends with rubber tubing. Blood or plasma is per-

fused through these preparations with a peristaltic pump. The foramina at the epiphy�eal

extremities, through which nutrient arteries supply the marrow, allow direct passage of

the perfusate through the marrow vascimlature. Such perfused marrows are kept in good

physiologic condition for four to six hours as indicated by (1) the normality of time marrow

cytology, (2) the absence of extravasation of blood, (3) the response to vasoactive agents,

(4) the synthesis of DNA, and (5) the maturity of the leukocytes released.

The data indicate that perfusate flow rate and the numbers of circulating white b!ood

cells influence marrow leukocyte release. Using leimkocyte-free blood, a positive correlation
was established between flow rate and the numbers of marrow neutrophils and lymphocytes

discharged. Perfusion with blood containing normal numbers of leukocytes resulted in

suppression of marrow white-cell release and in the sequestration of lymphocytes within

the marrow. Autoradiographic studies with H3 thymidine-labeled femurs indicated that

the decrease in perfusate lymphocytes could not be wholly accounted for in the marrow,
suggesting disintegration of the sequestered cells.

Whole blood containing the leimkocytosis-indi.mcing factor ( LIF) from repeatedly leuko-

cytapheresed rats evoked either a marked increase in blood flow rate, or prevented the

reduction in flow due to a progressive increase in vascular resistance encountered in con-

trol experiments. These alterations in flow rate were accompanied by increased rates of
discharge of leukocytes into the perfusate. Addition of known vasoactive agents ( acetyl-

choline, histamine, endotoxin ) did not reproduce the flow rate or leukocyte release pat-

terns obtained with the LIF.

LEUKAPHERF.SIS OF LEUKEMIC PATIENTS. Howard R. Biernman, Grace June Marshall, Keith

H. Kelly and Ralph L. Byron, Institute for Cancer & Blood Research, Beverly Hills, Calif.

Thirteen patients with various types of leukemia ( 7 chronic granulocytic, 4 acute

granulocytic, 1 chronic lymphocytic, 1 monocytic ) underwent continuous leukocyte with-

drawal ( leukapheresis ) on eighteen occasions; 78 to 1614 billion leukocytes were removed

in 94 to 275 minutes, representing 14 to 233 per cent of the initial circulating leukocyte

number.

In marked contrast to the leukocytosis observed during leukapheresis in 23 hematologi-

cally normal subjects, all leukemic patients exhibited a profound and protracted fall in

total circulating leukocyte number, usually during and always following leukapheresis. The

decline in the peripheral leukocyte count continued for 2-7 days thereafter. The return
of the leukocyte count toward the initial level was generally slow ( 1 to 69 days in 11
of 18 studies ) . There was no significant return in 7 studies. A significant decrease in platelet

concentration was observed in all 18 studies, lasting from 30 minutes to 8 days, which was

similar to that observed in normal subjects. The hematocrit was not significantly altered.

These data indicate that:

(1) Despite excessive numbers of leukocytes in the peripheral blood, leukemic patients

cannot mobilize tissue reservoirs of leukocytes as readily as the normal subject.

(2) Contrary to expectations, the readily available leukocyte reservoir (RAR ) in the

leukemic patient is less than in the normal subject, with a ratio to the circulating leukocyte

reservoir of 2-20 to 1, when compared with at least 60 to 1 meastmred in normal subjects.
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(3) The not readily available reservoir ( NRAR) was hypercellular in 16 of 18 studies,

suggesting an encroachment upon the BAR.

(4) One major defect in these leukemic patients was an impairment of release of

leukocytes from the tissues into the blood.

(5) The rate of proliferation of leukocytes in these leukemic patients is far less than has

been generally anticipated in the past.

Trr.z EFFECT OF PHYTOHEMAGGLUTININ ON LEUKOCYTE CULTURES. C. Ross Mcintyre and

Franklin G. Ebaugh, Jr., Dartmouth Medical School and Hitchcock Clinic, Hanover, N. H.

The addition of phytohemagglutinin ( PHA ), a mucoprotein derived from the comnon

bean (phaseolus vulgaris), has been demonstrated by Nowell ( Cancer Research 20:462,

1960 ) to be a factor necessary for cell division in leukocyte cultures. Using a recently de-
�‘eloped membrane fractionation procedure for the determination of p32 in the DNA, RNA,

and acid soluble fractions of tissue cultures ( Kahan, F. M. : Analyt. Biochem. 1 : 107, 1960)

we have investigated the metabolic events occurring in leukocyte cultures. Cultures not

containing PHA show no increase in DNA�P32 activity whereas those containing PHA dis-

play rising DNA activity at 24 to 48 hours, which reaches a peak of 10-20 times that of

the controls after seven days. The activity of the DNA fractions has been used as a means

of assaying growth. The plant growth factors indoleacetic acid ( 2.0 y/ml. ), kinetin (0.2

y/ml. ), and traumatic acid ( 0.2 mg./ml. ), do not duplicate the effect of PHA. Also in-

effective are conjugated estrogens ( 0. 1 to 1 .0 y/ml. ) , fetal calf serum 2-20 per cent, and the

addition of a clot to the culture. Chloramphenicol (6.1 x 103 M ), diphenyihydantoin

(5 x 10� M) and 6-mercaptopurine ( 1.3 x 10� M ), resulted in a decrease in growth.

Other experiments which consisted of adding PHA to cultures containing only erythro-

cytes demonstrated that PHA resulted in a firm binding of the cells to the glass, an effect

not produced by agglutinating the erythrocytes by other means. It seems likely that PHA

induces cell division either by its surface action, as demonstrated above, or by supplying

sonic unrecognized substance necessary for growth to occur. The means of quantitating

growth described here and the demonstrated depressant effects of various drugs indicates
that PHA stimulated cultures may be useful for in vitro studies of drug resistance in

leukemia.

COMPARISON OF CELL RENEWAL � NORMAL AND LEUXEM1C STATES. Alberto Ttionti, ?ttary

A. Maloney, Charlotte L. Weber, and Harvey H. Patt (Sponsored by Steven 0. Schwartz),

Argonne National Laboratory and the Department of Hematology of The Hektoen In-

stitute for Medical Research of the Cook County Hospital, Chicago, ill.

These studies are concerned with parameters of cell renewal in normal and leukemic

patients, as revealed by autoradiographic analysis of samples of bone marrow and blood

obtained after administration of tritiated thymidine ( H3Th). Six patients have been studied
thus far: three hematologically normal, one with chronic and two with acute granulocytic

leukemia; each received 100 ,.�c. per Kg. of HaTh intravenously. The initial labeling of

proliferating myeloid cells was similar in the chronic leukemic and in the hematologically

normal patients. This suggests that DNA synthesis time represents the same proportion of

the cell generation cycle. The subsequent buildup of labeled cells in the proliferative pool

and in the metamyelocytes was also the same, indicating a similar DNA synthesis time and

hence, a similar turnover time. Labeled polymorphonuclear cells appeared in blood by

the fifth day after H3Th injection in both the chronic leukemic and normal patients and

disappeared at approximately the same rate. In the two patients with acute leukemia, the

initial labeling of myeloblasts was comparable to that of normal myeloblasts. This suggests

a similar turnover time of normal and leukemic myeloblasts, assuming that the l)NA

synthetic period is unchanged in acute leukemia, and that all leukemic myelohlasts pro-

liferate. The validity of these assumptions, which are being explored in present studies,

should permit an evaluation of the extent to which the altered proliferative capacity con-

tributes to the hypercellulanity of leukemic states.
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IN VmTIso l)NA SYNTHESiS BY HUMAN MARRow CELLS. Clarence P. Alfrc,j, Jr., Joseph M.

Kiely, \S�. Newlon Tauxe, and Charles A. Owen, Jr., Mayo Clinic and Mayo Foundation,

Rochester, Minn.

The in vitro determination of the synthesis of desoxyribonucleic acid ( DNA ) in humnami

marrow was measured by the uptake of tritiated thymidine. A technique was developed

for acconiplishing this with samples of 0.1 to 0.2 ml. of marrow. Three normal subjects

were studied in this manner, as were one patient with mild anemia, one with thrombocyto-

penia, OflO with hyperglobulinemia, eight with acute leukemia, and three with multiple

rnyelomiia. The effect of addition of amethopterin, 6-mercaptopurine, nitrogen mustard, and

actinomycin-l) on the appearance of radioactivity in the nuclei of marrow cells also was

evaluated.

Uptake of tritiated thymnidine was found to he approximately linear for at least one

hour; further incorporation of labeled thymnidine occurred for several hours. A smaller

fraction of mature cells than of immature cells synthesized DNA during the period of

expostmre to tritiated thymidine. In the normal persons, about half of the blast cells in-

corporated tritiated thymiiidine, whereas only 2 to 14 per cent of blast cells in patients

with acute leukemia did so. Only 1 to 4 per cent of myeloma cells incorporated this radio-

active label. In patients with miiultiple myeloma and acute leukemia, only limited correla-

tion coimld be found between the percentage of cells labeled and the course of time disease,

peripheral lemmkocyte count, concentration of hemoglobin, platelet count, or percentage’ of

abnormal cells in the marrow.

Amethopterin, 6-mercaptopimrine, nitrogen nmstard, and actinomycin-D had no effect

on I)NA synthesis as measured by incorporation of tritiated thymidine into bone marrow

cells during short term incubation. Similarly, DNA synthesis from thymidine was not in-

Imibited by the enzyme poisons sodium azide, potassium cyanide, and dinitrophenol.

PIIAGOCYTI(: RETICULA1S CELLS AND THEIR RELATION 1() FATE AN!) FUNCTION OF S�ALm.

LYMPHOCYTES IN GUINEA-PIG BONE MARROW. Dennis G. ()smond and N. B. Everett,

I)epartmmient of Anatomy, University of \Vashington, Seattle, Wash.

Tritiated thymnidimie 111(l radioaimtography have been employed to study the 1)NA labeling

I)atterli of small lymphocytes in guinea-pig bone marrow. In the course of these studies,
phagocytized labeled lymnphocytes have been observed in the bone-marrow reticular cells.

Male guinea-pigs of the Hartley strain were administered H3-thymidine intraperitoneally

( 1 /Lc./GIn. l)Ody weight ) . After 25, 48, and 72 hours, smears were made of marrow sos-

pended in homologous serum. Radioautographs were prepared by coating the smears with

melted emmmlsion. After each time interval the cytoplasm of reticular cells was observed to

contain as muany as three labeled small lymphocytes, some of which evidenced partial

digestion. The early appearance of these labeled lymphocytes in reticular cells and the

evidence of their partial digestion as early as 25 hours after thyrnidine administration

clearly indicates a short life span for these cells.

It is apparent that this phenomenon of lymphocyte phagocytosis does not represent an

abnormal state, since small lymphocytes may be observed in reticular cells of suitably

prepared bone-mimarrow smears from normal guinea pigs receiving no H3-thymidine. It is

likely that the phagocytosis of lymphocytes by bone marrow reticular cells exists on a sig-

miificant scale and milay be important in providing a source of DNA or other materials

necessary to the reticular cells for their metabolism and/or proliferation. This and other

possible functional interpretations of the observations will be discussed.

FACTORS INFLUENCING THE Forn�IATIoN OF LE CELLS. Earl N. Metz and John Laszlo, Duke

University �Iedical Center, Durham, N. C.

It was observed that EDTA inhibits the LE phenomenon. This paper summarizes experi-
ments designed to elucidate the mechanisms of chelate interference, and the role of divalent

cations, serum complement, and phagocytosis in the formation of the LE cell. Calcium or

muagnesium salts restored the LE phenomenon after it had been blocked by EDTA, although
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excess amounts of Ca + + or Mg + ± were inhibitory. Zinc failed to reverse EDTA inhibition.

EDTA also inhibited serum complement as measured by the sheep cell hemolysis method.

The LE phenomenon was inhibited when the complement of lupus serum was heat

inactivated. Addition of complement restored LE cell formation. Further heating (70 C.)

irreversibly inactivated the LE factor.

Phagocytosis by leukocytes also requires divalent cation, and this function was inhibited

by EDTA. Phagocytosis of starch, but not of O.8j.t latex particles, required complemeimt as

well. The formation of the LE cell had many similarities to starch phagocytosis as regards

morphologic appearance and requirement of divalent cations, complement, and phagocytes.

Addition of lupus serum to traumatized leukocytes resulted in increased oxygen consump-

tion during the formation of LE cells. EDTA also blocked this enhanced respiration.

Citrate and oxalate were much less inhibitory to LE cell formation, serum complement

titers, and leukocyte phagocytosis.

SOME METABOLIC EFFECTS OF ANTILEUKOCYTE SERUM. Julius Kritzman, and John McCartlmy,

The Arthur G. Rotch Laboratory of The Boston Dispensary, Boston, Mass.

Potent antisera were produced by immunizing rabbits against guinea-pig granulocytes

obtained by the artificial production of sterile, peritoneal exudates. The antisera were

characterized immunologically by the production of multiple lines of precipitate on double

diffusion in agar against whole-leukocyte extracts and by the precipitation of latex particles

coated with extracts of lyophilized leukocytes. This latex fixation reaction was species

specific and did not occur against latex particles coated with human leukocyte extracts.

The leuko-agglutinin reaction was erratic and did not correlate well with the latex fixation,

nor was it as reproducible. By these techniques, the antisera were shown to be potent and

to contain antibodies to multiple cell constituents. The effect of these antisera on cell respira-

tion and protein metabolism was studied. it was found that the antiserum ( as compared with

normal rabbit serum ) caused moderate inhibition of entry of C’4-labeled Dl-leucine into

the granulocytes, but that most strikingly it caused almost 100 per cent inhibition of in-

corporation of C14-labeled leucine into cell protein. The antisera also inhibited cell respira-

tion, but to a considerably lesser degree. This effect was also observed with several other

C14-labeled amino acids. The inhibitory effect of the native sera was totally abolished at
56 C. for 30 minutes. The inhibitory effect could be restored by the addition of fresh rabbit

serum. Absorption of the antisera by two volumes of packed guinea-pig granulocytes at

37 C. for one hour removed all latex-fixing properties of the serum but did not remove the

inhibitory activity. Exhaustive absorption over a period of 24 hours, however, did remove

inhibitory activity. These studies suggest possible mechanisms by which humoral antibodies

against cells may cause their malfunction or death.

DEMONSTRATION OF TISSUE ANTIGENS IN RABBIT BLOOD PLATELETS. Shirley Ebbe and Mario

Bal.dini, Blood Research Laboratory, Pratt Diagnostic Clinic-New England Center Hos-

pital, and the Department of Medicine, Tufts University School of Medicine, Boston, Mass.

Platelet iso-agglutinins and redimced viability of transfused platelets have been observed

repeatedly in humans who have received multiple transfusions of “blood group-compatible”

platelets. This suggested that platelets have an antigenic structure totally or partially tin-

related to red cell blood groups. The possibility that platelets may contain tissue antigens

was considered. Experiments were designed, in the rabbit, to investigate the relationship

between platelet antigens and skin antigens.

The influence of skin homografts on viability of subsequently transfused homologous

platelets from the skin donor ( “specific” platelets ) or from another donor ( “nonspecific”

platelets ) was first evaluated. Platelet viability was measured, using platelets labeled in vivo

with p32� One to three successive skin homografts progressively reduced the survival time

of “specific” platelets. It could be demonstrated that this effect was not due to the amount

of blood contained in the grafts. The survival time of “nonspecific” platelets was also short-

ened by previous skin homografting, but to a lesser degree.
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One skin homograft followed by one platelet infusion produced shortening of the survival

time of subsequently infused platelets to a greater degree than was seen after only a skin

graft or only a platelet infusion. This phenomenon suggested a secondary immunologic

response due to similarity between the antigens of platelets and skin.

The rejection time of skin homografts was then studied in recipient animals injected

previously with suspensions of homologous platelets which had been meticulously prepared

free of leukocytes. In half of these experiments, rejection times of skin grafts from the

“specific” platelet donors were significantly shorter than those from ‘nonspecific” donors. In

the other half, rejection times of both types of grafts were normal.

Conclusions:

(1) Blood platelets and skin have antigens in common.
(2) These common antigens are not completely individual-specific.

(3) The above results also indicate that blood platelets contain transplantation antigens.

CONTINUOUS IN Vivo COAGULATION, THE DETERaIINANT OF PLATELET SURVIVAL. Edward

Adelson, Jack I. Rheingokl, Arnold A. Lear, Jenefir Isbister, James C. Kirby and Richard

M. Kaufman, Department of Medicine, George Washington University School of Medicine,

Washington, D. C.

If clotting is a continuous process in the normal subject, platelets must be destroyed in a

random manner and platelet survival curves should be exponential. However, in some

laboratories, platelet survival studies have shown linear curves which suggest that platelet

destruction is primarily a process of aging. Other workers, ourselves included, report ex-

ponential curves indicating random destruction. To determine whether aging plays a signifi-
cant role in platelet survival, a technique has been devised to provide a population of tagged

platelets less than two days old. If aging determines platelet survival, the survival curve

should form a plateau with a sharp drop at the end of the platelet life span.

The donor dog is given Na2P32O4. One week later he is infused with large amounts of

thromboplastin. His platelet count drops nearly to zero, where it remains for a period of

days. On the second day of rise in the platelet count, the dog is phlebotomized, and the

whole blood containing radioactive platelets less than two days old is transfused into the

recipient dog. The resultant platelet survival curve is exponential and identical with the

curve obtained when in vivo P32-tagged platelets of mixed ages are transfused. This mdi-

cates that random destruction rather than aging determines platelet survival in the normal.

To ascertain whether the random de.struction is due to in vivo coagulation, the experiment

was repeated in dogs treated with heparin. This time, a plateau was obtained with a sharp

drop on the tenth day of platelet life. Thus, when coagulation processes are prevented,

platelet survival is a function of platelet aging.

We conclude that (1) platelets are destroyed in a random fashion in the nonnal subject;

and (2) the process responsible for this random destruction is continuous in vivo coagulation.

PLATELET RESPONSE TO NATURAL AND FOREICN AGENTS. T. T. Odell, Jr., T. P. McDonald,
T. C. Detwiler, and F. L. Howsden, Biology Division, Oak Ridge National Laboratory,
Oak Ridge, Term.

Several investigators have demonstrated that a marked depletion in platelet numbers in

the blood is followed by increases to levels significantly greater than normal in a few days.

The time pattern and the changes observed in the megakaryocytes suggest a stimulation of

platelet production. Other results indicate that injection of serum or serum extracts can

cause an increase in number of circulating platelets. We reported that injecting normal rats

with serum of rats rendered platelet-deficient by bleeding or by injection of platelet-specific

antiserum, caused an increase in platelet numbers to about 1 � times normal levels. Serum

of untreated control rats was ineffective. Similar results have also been reported from in-

vestigations with rabbits.

We recently found that a similar platelet response can be induced by injecting various

foreign agents. A solution of egg albumin, normal human plasma, or a suspension of finely
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ground glass was injected subcutaneously into different groups of normal rats in tIme morning
and afternoon of two successive days. Platelet counts rose to 138-166 per cent of initial

counts on the fifth day when the experiment was terminated, a pattern previously seen in

rats given serum from platelet-depleted donors ( active serum ) . White cell counts at five

days were: ( a ) not altered in the rats injected with active serum or normal human plasma,
(b) marginally increased by ground glass, and (c) more than doubled by higher doses ( 1.68

mg. total) of soluble egg albumin (relative granulocyte increase).

These restmlts raise the question of whether the final pathway in platelet stimulation is the

samne with foreign material as with the indigenous material. They also emphasize the need
for caution in experiments designed to concentrate and characterize a humoral agent with

thrombopoietic activity.

STUDIES ON THE PLATELET INCREASE INDUCED BY CITROvORUM FACTOR. Donald M. Hayes,
Charles L. Spurr, and William B. Deskins, Department of Medicine, Bowman Gray School

of Medicine of Wake Forest College, and the North Carolina Baptist Hospital, Winston-

Salem, N. C.

In the therapy of localized malignant tumors, several patients have received intra-arterial

amethopterin ( 40 mg. per day ) and intramuscular citrovorum factor ( 9 mng. every four
hours ) . An unusual finding in these patients was a marked and sustained rise in the platelet

count while on therapy with no significant change in white blood cell counts or hemoglobin.

To investigate this phenomenon, 25 adult guinea pigs of mixed sex were divided into five

groups of five animals each.

Group A: Environmental controls; no treatment.

Group B: Drug controls; daily injections of 0.1 ml. saline.

Group C: Amethopterin only ( 0.5 mg. per Kg. per day).

Group D: Citrovorum factor only; ( 0.13 mg. per Kg. every four hours).

Group E: Amethopterin ( daily ) and citrovorurn factor ( every four hours).

Baseline platelet counts were performed daily for three days prior to beginning drug.

Injections were continued for ten days, at which time it was noted that Groups D and E

only had undergone a thrombocytosis of 50-100 per cent. These groups were followed with

platelet counts every other day for a total of 30 days before the values returned to their

baseline level. Becaimse the platelet increase in group D was greatest, it was concluded that

citrovorumn factor was probably the stimulus for this thrombocytosis. Using doses of 0.03,
0.06, 0.13, 0.20, and 0.25 mg. per Kg. every four hours, a dose response curve was derived

which revealed 0.13 mg. per Kg. to be the optimum dose, i.e., the one inducing the maximum

rise in platelet count. By using this dose and varying the time schedule, 0.13 mg. per Kg.

every four hours for seven days was found to constitute the optimum program. Although

the maximum rise in platelet cotmnt occurred during this seven day period, it was found that

this increased level could be maintained by continued drug administration for as long as

30 days. Preliminary data on a number of thrombocytopenic patients treated with citrovorum

factor in this fashion are to be presented.

AN ELECTRON MiCRoScOPIC STUDY OF IN VIvo PRIMARY THROMBUS FORMATION. H. Cottier,

B. Roos, H. Rentsch and E. P. Cronkite, Institute of Pathology, University of Berne,

Switzerland, and Medical Research Center, Brookhaven National Laboratory, Upton, N. Y.

Earlier electron microscopic work on ultrastructural changes occurring in viscous meta-

morphosis of platelets and clot formation was based on imprints or sections of in vitro

preparations. Under these conditions artifacts cannot be excluded. Thus, in vivo studies are

essential.

A single, short, local irradiation of the head of rats, with high doses ( 8,000 r at 250

r/min. ) - by damaging the endothelium and parenchyma - initiates the production of

intravascular platelet aggregates and thrombi. The high vascularity of the pituitary makes

it easy to find the preceding by electron microscopy; all stages from platelet aggregation to
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clot retraction can be followed. Initially, the aggregated platelets show intact external mem-

branes in most instances. Swelling is most marked in platelets located at the surface of the

aggregate. Progressive degranulation appears early and often without visible damage to the

platelet membrane.

In contrast to in vitro findings, the aggregating platelets show only moderate e�cresecnce

of psetmdopodes; do not spread out appreciably on the cndothelial surface; and do not undergo

coalescence of the central granules to form so-called pseudonuclei. Deposits of granular

osmiophilic material sometimes arranged in short chains on the surface of or between ag-

gregated platelets increase in ntmmber, size, and electron density as degranulation of the

grantmlomere progresses. Some of the mitochrondria retain their cristal structure over the

period of degranimlation, but are often swollen. Consecutively autolytic centers develop

inside the platelets. In the final stage the volume of the disintegrated, “empty” platelets

shrinks considerably as the fibrin increases in mass and density. The possible significance

of these ultrastrtmctural changes will be discussed.

Short, local irradiation of the pituitary with high doses provides a useful method of pro-

dtmcing intracapillary primary thrombus formation suitable for electron microscopic studies.

Possible applications of this procedure will be considered.

HEREDOFAMILmAL DEFICIENCIES OF CLOTTiNG FACTORS VII AND X ASSOCIATED wren CAROTID

BODY TUMORS. Arnold Kroll, Liberto Pcchet, Benjamin Alexander and Frances Cochios,

Medical Research Laboratories of the Yamins Laboratory, Beth Israel Hospital. and the

I)epartment of ?sIedicine, Harvard Medical School, Boston, Mass. ( Supported by a grant

( H-656) from the National Heart Institute of the National Institutes of Health, Public

Health Service, U. S. Government.)

1)eficiency of Factors VII ( proconvertin ) and/or X ( Stuart ) associated with carotid body

tumors was frequent in five generations of one family of German-Irish extraction comprising

1 12 individuals including the proposittms in whom an elevated prothrombin time was found

prior to surgery.

Thirteen individuals ( both sexes) had tumors, six documented histologically, six disclosed

by history and physical, and one by history alon-�. Eight were siblings of the propositus
( generation 3 ) , one among her direct descendents, and three in their first cousins. Nine

subjects with tumors also had coagulation defects; three had normal coagulation; the re-

flaming one was not tested.

The coagulation disturbance also involved both sexes. Forty-two subjects showed deficient

Factor X ( range 10-69 per cent, in 33, less than 50 per cent of normal; in 7, below 20 per
cent. Five were siblings of the propositus, and 7 were her children. Also deficient were

siblings of the propositus’ mother, some of their children and grandchildren, and some of

the mother’s first cousins.

Twenty-six were also deficient in Factor VII ( range 19-65 per cent ), in 14, 50 per cent of

normal or less. Generally, the VII defect was milder than X, the lowest values being 19, 25,

and 28 per cent respectively. Although most of those with clotting abnormality were de-

ficient in both VII and X, 16 showed depression only in X. Conversely, in none was the

defect limited solely to Factor VII. The profile of the defect was transmitted specifically to

offspring. Other hemostatic and coagulation parameters were normal. No strict correlation

was evident between tumors and clotting abnormalities. Although the latter was first

demonstrated in generation 2, the former first appeared in generation 3.

Epistaxis, bleeding gums, easy bruisability, menorrhagia, and hemorrhage following dental

extractions, were prominent in more than 40 individuals, preponderantly in generations 3

and 4.

The extreme rarity of each of the abnormalities makes the probability of their combination

in a single family by chance alone, astronomically small. The biologic significance, patterns

of transmission, variable expressivity, the possibilities of chromosomal cross-over, inherent

chromosomal susceptibility to multiple point-mutations, etc., will be discussed.
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PLASMA THBOMBOPLASTIN ANTECEDENT DEFICIENCY Assocr�&i’sD WITH A UNIQUE TissUK
DISORDER. Robert L. Wall, Dante Scarpelli, William Molnar, and Charles Coltman, Uni-
versity Hospital, Columbus, Ohio.

The simultaneous occurrence of more than one inherited disorder in a family offers an

interesting opportunity for the better understanding of each disorder. Inherited coagulation

deficiencies rarely have been observed associated with other genetic disorders. Recendy, a

family was described with the combination of Factor IX deficiency and Ehlers-Danlos syn-

drome.

The present study describes the simultaneous appearance of plasma thromboplastin ante-

cedent ( P.T.A. ) deficiency and a previously undescribcd connective tissue disorder. The

connective tissue disorder produces both shortening of the long bones, with resulting short

stature, and multiple gross exostoses. The tissues are friable to surgical dissection. Finally,

the elastic fibers of arteries are fragmented, calcified, and show redundant folding, most

prominently in the pancreatic artery. This defect has resulted in fatal hemorrhage from the

pancreatic artery in two sisters.

Forty members from four generations of this family have been studied. The P.T.A. defici-

ency varies in severity among the members of one generation and between generations. The

phenotype of the connective tissue disorder, while resembling Ehier-Danlos syndrome in some

respects ( i.e., friability of tissues and hemorrhagic manifestations ) , differs radically in other

respects ( i.e., the absence of hyperelastic skin and hyperextensible joints, and the presence

of multiple exostoses and fragmented arterial elastic fibers ) . This disorder also appears to

be transmitted as an autosomal dominant. The possibility of monogenetic origin of the

entire disease complex is suggested by its presence in one grandparent and child, and

absence in a parent. Chromosomal abnormalities are under investigation.
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SECOND SYMPOSIUM

Tuesday, November 28, 1961, 2:30-5:30 p.m.

SOME ASPECTS OF BONE-MARROW FAILURE

Moderator: Frank H. Gardner

IN VIT1I0 ACTION OF CHLORAMPH.ENICOL AND CHLORAMPHENICOL ANALOGS ON HUMAN

ERYTUROID TiSSUE. Allan J. Erslev and Ioiilios A. Iossifid,es, Cardeza Foundation, Jeffer-

son Medical College, Philadelphia, Pa.

In order to elucidate the pathogenesis of the erythroid suppression occasionally observed

in vivo after the administration of chloramphenicol, a study was made of the in vitro effect

of chloramphenicol, its isomers, its known metabolic breakdown products and a number

of its chemical analogs. Suspensions of human bone marrow obtained from surgically

removed ribs were used to measure the rate of cellular uptake of iron; susp�’nsions of

human reticulocytes were used to determine the efficiency with which the incorporated iron

was utilized in the synthesis of hemoglobin.

Results and conclusions: (1) Chloramphenicol suppresses both uptake of iron and its

intracellular utilization when used in high concentrations ( 10 to 15 times therapeutic

levels ) for short periods of time. It is conceivable that a similar suppression may occur

in vivo at low concentrations for prolonged periods of time. (2) The known metabolic

products, with the exception of the nitrophenylamine analog, are inert in the test systems

used here. Nitrophenylamine which suppresses iron uptake but not iron utilization is a

compound found only in trace amounts in vivo. (3) The molecular arrangement at the site
of the nitro-phenyl group of chloramphenicol is parfly responsible for the inhibition of

iron uptake but not for the inhibition of intracellular iron utilization. (4) The �:patial con-

figuration of the chloride atoms in chioramphenicol is partly responsible for the inhibition

of intracellular iron utilization. (5) These test systems can be used for the study of the

cellular action of drugs, but so far can be used only with great caution to predict the

potential in vivo toxicity of a new compound. Tetracycline, for example, in concentrations

of 10 to 15 times therapeutic levels, was found to suppress both iron uptake and iron

utilization, although this drug in therapeutic concentrations in vivo probably is Imematologi-

cally inert.

BONE MARROW PANHYPOPLASIA IN HUMANS EXPERiMENTALLY INDUCED BY VIRAL INFEc-

TION. Donald L. Howie and William H. Crosby, Department of Hematology, Walter
Reed Army Institute of Research, Washington, D. C.

It has been observed that profound marrow and lymph node panhypoplasia occurs in

animals during infection with the virus of Venezuelan equine encephalitis. This virus,

modified by passage through tissue culture, is being used experimentally in the treatment

of patients with various lymphomas. Its effect on these patients and on healthy human

volunteers has been observed. Patients with lymphomas appear to develop a more pro-

longed and intense viremia than do healthy subjects. They also develop more profound

changes in blood and bone marrow.

Fever up to 104 F. occurs within 24 to 48 hours following inoculation. At this time

there may be a slight granulocytosis. Then, within 24 to 36 hours the temperature falls,

only to rise again about the seventh postinoculation day, gradually falling to normal in

another two to five days. During the second period of fever, vacuolated, abnormal lympho-

cytes appear in the blood, followed by reticulocytopenia, lymphocytopenia, thrombocyto-

penia and granulocytopenia, usually in this order.

At the time of maximum blood changes, panhypoplasia of marrow is observed. This
hypoplasia may be extreme, with only fat, plasma cells, reticulum cells and scattered blasts
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remaining; few cells of the erythrocytic or granulocytic series beyond blast stages can be

found. Lesser (legrees of marrow injury mnay occur, especially in healthy adults.

In 3 to 14 days from the time of maximum hypoplasia complete recovery of bone mar-
row and circulating elemiients occurs. The blood cells usually reappear in reverse order

of their disappearance.

The implications of this phenomnenon in regard to the pathogenesis of the aplastic or

aregenerative crisis will be discussed.

ERYTHROPOIESJ.S AND ERYTHROPOIETINE iN CmsoNlc BONE MARROW FAILURE. Frederick

Stohlman, Jr., The National Institute of Arthritis and Metabolic Diseases of the National

Institutes of Health, Public Health Service, U. S. Department of Health, Education, and

Welfare, Bethesda, Md.

Experimental studies suggest that the erythroid series is not self-sustaining but is con-

stantly repopulated from a primitive or stern cell comnpartnient. Erythropoietine is at least

one factor responsible for the differentiation of stem cells into erythroid elements. Follow-

ing differentiation a series of mitotic divisions together with maturation occur before the

emergence of the red cell as a reticulocyte. The number of divisions occurring before

emergence is variable, as is intramarrow cell death. Intense stimulation of erythropoiesls

( erythropoietine, blood loss, phenylhydrazine) is associated with the production of macro-

cytes, presumably due to skipped divisions; the life span of these macrocytes is shortened.

Irradiation reduces cell production due to death of erythroid cells and stem cells, cells

dying either immediately or as they enter mitoses. Hypertransfusion suppresses red cell

formation by reducing the number of stem cells differentiating into erythroid elements.

Theoretically, the refractory anemias form three general groups : (a) Those in which

there is failure of stem cell differentiation or a defect in stem cell production, the result

being aplasia or hypoplasia. (b) Those in which stem cell differentiation is normal but

there is increased intramarrow cellular death. In such instances there is deficient red cell

production associated with a cellular marrow. When death of cells occurs early in the

maturation phase, e.g., at the pronormoblast stage, the picture of “maturation arrest” is

present. Reduced numbers of division in the developmental sequence might account for

the macrocytosis, the variability of this phenomenon being reflected as anisocytosis. (c) In-
stances in which both (a) and (b) apply. The cause of these defects remains obscure. In-

ability to produce erythropoietine, however, does not appear to be implicated, since high

concentrations of erythropoietine are present in the urine of all patients with refractory

anemias, when the hemoglobin is below 7 Gm. per hundred. Patients with refractory ane-

mia and cellular marrow respond normally to such stimuli as hypertransfusion, and in

some instances may have an increased production following blood loss. The role of andro-

gens is obscure, although they appear to exert their effect at the stem cell level.

ROLE OF THE SPLEEN AND EFFECT OF SPLENECTOMY ON BONE MARROW FUNCTION. William

H. Crosby, Department of Hematology, Walter Reed Army Institute of Research,

\Vashington, D. C.

itIost of the hypersplenic syndromes seem to result from destruction of blood elements

within the spleen. The bone marrow increases its production of blood cells when the spleen
overactively destroys them. Hematopoiesis returns to normal when splenectomy is successful

in curing the disease.

It is not certain whether the spleen has any other or any more direct effect upon marrow

activity. However, the consequences of splenectomy sometimes suggest that the marrow

has been inhibited or that the spleen has caused injury by some means other than se-

questration and destruction of blood cells. (1) Specific hypocellularities of the marrow

( megakaryocytes or plasma cells, for example ) sometimes improve immediately after

splenectoniy. (2) In a few cases, chronic panhypoplasia has been corrected immediately

after splenectomy. (3) In autoimmnune disease the autoantibodies sometimes disappear

immediately after splenectomy. (4) Autoantibodies may be directed against the marrow
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itself, although it has not been shown that such antibodies originate in the spleen. (5) In

myelofibrosis, erythropoiesis within the mnarrow sometimes improves after splenectomy.

(6) In chronic idiopathic thrombocytopenic purpura, the production of platelets may be

relatively diminished. This has not been proved and it has not been related to the spleen

except by inference.

Tm� Ro� OF TESTOSTERONE IN Bo� M�uuiow FAnum. Frank H. Gardner, Peter Bent

Brigham Hospital, Boston, Mass.

Androgen therapy has been used during the past five years in a variety of anemias

associated with bone marrow dyspoiesis. No method is available to predict which patient

will respond to testosterone. The anemias that have responded most satisfactorily are

associated with inadequate bone marrow erythroid precursors; i.e., hypoplasuc anemia

( acquired and congenital ) , and myelofibrosis with extramedullary hematopoiesis. Favorable

responses have been noted in malignant reticulum disorders such as lymphoma and multiple

myeloma. There is no evidence to imply a hormonal effect on the neoplasia, but rather

androgens have been helpful to maintain higher blood values to allow more intensive

cytolytic therapy. No erythroid response has been obtained in azotemia, and there is no

evidence of response in myelocytic leukemia. Pharmacologic doses can increase the red

cell volume in aged men and women. The onset of the erythroid response is in part re-

lated to dosage and duration of administration. There is inadequate information to know

if erythrocytosis can be obtained in young adults with testosterones.

The mechanism for testosterone stimulation of the bone marrow is not known. The

response appears to be a nonspecific stimulation of erythroid precursors. The rate of red

cell maturation is not altered. The erythrocyte has morphologic alterations manifested by

hypochromia and a moderate decrease in the hemoglobin concentration. The possible
alterations in hemoglobin synthesis are not proved.

ALKALI-RESISTANT HEMOGLOBIN IN APLASTIC ANEMIA, ACQUIRED AND CONGENITAL TYPES.

Louis K. Diamond, Children’s Hospital, Department of Pediatrics, Harvard Medical

School, Boston, Mass.

Infants and children with aplastic anemia treated successfully with corticosteroids and
testosterone, as described last year, were noted to have an abnonnal amount of alkali-

resistant hemoglobin. When measured by the one-minute alkali denaturation method of

Singer, values ranged from 3 to 15 per cent ( normal for children above three years of

age = less than 2 per cent ) . Agar-gel electrophoresis performed with hemolysate from

these patients revealed a benzidine-positive band which showed the same mobility as the

most intense band of normal cord blood. There was good agreement between the intensity

of this band and the concentration of the alkali-resistant hemoglobin determined chemically.
An acid hydrolysis of dried films of the peripheral blood from these patients revealed the

presence of alkali-resistant hemoglobin in a large number of the erythrocytes.

Quantitative changes in this hemoglobin were followed over a period of 6 to 36 months

in patients with aplastic anemia, both acquired and congenital types, during hcmatologic

remission. The alkali-resistant hemoglobin did not fall significantly in the patients with the

congenital type. However, it showed a steady decrease in those with acquired aplastic

anemia, although this was slow and an abnormal amount of alkali-resistant hemoglobin
still persisted long after the anemia was corrected. This form of hemoglobin was not

found in the parents and siblings of the patients with congenital aplastic anemia except

in one case where an abnormal amount ( 5 per cent ) was seen in a sibling ( 13 year old

female ) who had leukopenia and thrombocytopenia but no anemia. A year later, she

showed the fullblown picture of aplastic anemia. In one patient with the congenital form

who succumbed to hemorrhage and infection, autopsy revealed no abnormal erythropoietic

activity in the liver and spleen. All hematopoiesis was localized in the bone marrow alone.
Conclusions: ( 1 ) Alkali-resistant hemoglobin is increased in patients with aplastic anemia.

(2) This hemoglobin seems to have the same physiochemical characteristics as the fetal
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hemoglobin of cord blood. (3) The concentration of this hemoglobin decreases slowly in

patients with acquired aplastic anemia in remission, and tends to fluctuate withoiLt de-

creasing significantly in patients with congenital aplastic anemia. (4) The incre:ise in con-

centration of this hemoglobin in patients with congenital aplastie anemia may precede the

onset of pancytopenia. (5) The site of the production of this hemoglobin seems to be bone

marrow and not the usual fetal sites.

TO BE READ IF TiME PERMITS

A SIMPLE METHOD FOR QUANTITATION OF A2 HEMOGLOBIN FRACTION. Ruth S. Hoffman
and Charles C. Sprague, Department of Medicine, Division of Hematology, Tulane Uni-

versity School of Medicine, New Orleans, La.

A simple method of hemoglobin electrophoresis will be presented in which the A9 corn-

ponent was separated on paper strips using a discontinuous buffer system. Electrophoresis

was carried out overnight at 150 volts in a Durrum-type cell. The paper strips were stained

with bromphenol blue, and percentages of components were obtained from a densitometer-

integrator trace in a manner similar to serum protein quantitation.

Percentages for A9 fractions and major components will be reported on nonnal persons

and those with iron deficiency, thalassemia, sickle cell trait, and sickle cell thalassemia.

The range of values for A0 in these groups was found comparable to those reported in

the literature by other methods. It was noted in all groups, except iron deficiency where

low values were obtained initially, that the value of A,, decreased in relation to the number

of days which the sample had been refrigerated. Statistic analysis revealed that 24 per cent

of the variance in the A2 values could be accounted for by differences in refrigeration

interval. It was shown further that the progressive decrease in percentage of A9 followed

a linear regression. A significant difference was observed in the value of the A2 fraction

in paired fresh and frozen samples.

A description of the procedure and method of quantitation will be presented with results

obtained and appropriate illustrations.

PLATELET LABELING WITH CR51 FOR LIFE-SPAN DETERMINATION. Robert C. Brown, W.

Newlon Tauxe and Albert B. Hagedorn, Mayo Clinic and Mayo Foundation, Rochester,
Minn.

The present investigation was directed toward development of a simpler and more satis-

factory method of determining platelet life span and rate of destruction than has been

available. Utilizing Cr51 as a label and requiring only about 50 ml. of venous blood, the

technique devised is fairly simple to perform, reliably reproducible, and quite suitable for

the study of various thrombocytic disorders in the human. Particular attention was de-

voted to the problems of chromium toxicity to the platelets, elimination of as many po-

tentially injurious steps in the labeling process as possible, fixation of the label, and elution

thereof from the thrombocytes.

In a series of normal subjects, the life span was found to average 10.8 ± 0.8 days, with

a mode of destruction resultant from a combination of linear and exponential factors.
Similar results were noted in cases of thrombocytosis; however, in idiopathic thrombocyto-

penic purpura the effective life span was but three to four days, with a distincfly ex-

potential mode of platelet disappearance.

ENZYMATIC FmimmI’�oLYsIs INDUCED IN HUMAN BLOOD BY SYN1HETIC HYDROTROPIC COM-

POUNDS. K. N. von Kaulla, Department of Medicine, University of Colorado School of

Medicine, and Belle Bonfils Memorial Blood Bank, Denver, Col.

Previous studies from this laboratory (Proc. Soc. Exper. Biol. & Med. 106:520, 1961 ) indi-
cate that certain hydrotropic urea derivatives, 0.4 M ethylurethan, excluding urea itself,

activate the fibrinolytic enzyme system upon dissolution in human plasma. The compounds

are inactive in both bovine fibrin and plasma because their fibrinolysis-activating property
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depends upon the presence of plasminogen plus an additional factor contained in human

plasma. In this respect they resemble streptokinase.

Recent investigations reveal that hydrotropic compounds unrelated to urea or its de-

rivatives (0.24 M 2,4-dimethylbenzenesulfonate, 0. 1 M 2-naphthoate, 0.08 M p-hromo-

benzoate, and others ) likewise have the capacity to induce marked fibrinolytic activity

in human plasma upon dissolution. This capacity seems to be closely related to the pres-

ence of a large anion in the molecule; large cations are ineffective. Amphoteric surfactants,

anionic in alkaline media, induce lysis in a concentration of 2 x 102, and are among the

most active compounds observed so far. Fibrinolytic activity induced by synthetic agents

was measured quantitatively by progressive dissolution of preformed human plasma standard

clots ( Thromb. Diath. Haem. 5:489, 1961 ) and by a caseolytic method; and qualitatively

by spontaneous dissolution of thrombin-clotted plasma containing these agents and by

bovine fibrin plates on which the compounds were active only when dissolved in human

plasma. The activity induced by the synthetic agents in human plasma develops more

slowly but is more stable than that induced by enzymatic activators.

As a working hypothesis, it is thought that hydrophobic groups of the compounds attach

themselves to an inhibitor of a plasminogen activator, whereas the hydrophulic group is

directed toward the surrounding water thus solubilizing the inhibitor and releasing the

activator for plasminogen activation. It is hoped that the synthetic fibrinolytic agents might
be developed into versatile, nonantigenic, and inexpensive thrombolytic preparations.

COMBINED THERAPY OF AGNOGENIC MYEL0I1) METAPLASIA WITH TESTOSTERONE, BUSUI.FAN,

AND PREDNISONE. Richard T. Silver, David E. Jenkins, Jr., and Ralph L. Engle, Jr., De-

partment of Medicine, New York Hospital-Cornell Medical Center, New York, N. Y.

Testosterone preparations have been used in the treatment of patients with agnogenic

myeloid metaplasia in an attempt to stimulate erythropoesis, and busulfan or prednicone

has been used in an effort to diminish hemolysis. General agreement has not been reached

concerning the value of these measures.

Accordingly, nine patients with agnogenic myeloid metaplasia were treated first with

testosterone enanthate, 400 to 600 mg. intramuscularly each week for three to four months.

Then, if the white-blood-cell and platelet counts were elevated, busulfan, four to eight mug.

daily, was given in addition to the testosterone; if the Cr51 red blood cell survival time was

shortened and if the white blood cell and platelet counts were normal or low, prednisone,

40-60 mg. daily, was given in addition to the testostemone. Before and after each change

in therapy, all patients were evaluated with comprehensive hematologic tests which in-

eluded, in part, hone muarrow biopsy, spleen biopsy, Cr5’ red blood cell mass and survival

studies, Fe59 plasma clearance and red blood cell utilization, and I1�1 plasma volume

3etermination.

Of the nine patients studied before treatment with testosterone, all had varyiimg degrees

of anemia, and two had severe thrombocytopenia. Six patients had less than 70 per cent

uptake of Fe59 in their red blood cells; two had a low normal uptake. Only three patients

had a shortened Cr5’ red cell survival time. After treatment with testosterone, six patients

showed striking hematologic improvement, one had no response, one died soon after

treatment was begun, and one has not yet been completely evaluated. One patient with

an elevated white blood cell count and shortened Cr51 red blood cell survival time after

testosterone, has shown no further improvement with the additmon of busulfan.

These preliminary results are added evidence that testosterone is of value in treatment

of agnogenic myeloid metaplasia. Further evaluation of the addition of busulfan or predni-

sone is in progress.

Trm EFFECTS OF BLOOD �H ON TRANSPORT OF BILIRUBIN. Arthur Sawitsky and Eli Seifter,

Department of Laboratories and Hematology Service, Long Island Jewish Hospital,

New Hyde Park, N. Y.

The pH of the blood of young rabbits was varied and a metabolic type of acidosis or
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alkalosis was produced. Sodium bilirubinate ( 40 mg. per Kg. body weight) was then

injected intravenoimsly. The concentration of hilirubin was determined in the blood and

spinal fluid, and adipose tissue was extracted for pignient. In the control animals, where

the blood pH was normal, no bilirubin appeared in either the spinal fluid or adipose tis-

sue. In animals rendered acidotic by prior treatmnent with ammonium chloride or acetazo-

lamide, the injection of sodium bilirubinate led to death when the blood pH was below

7.1. Above this pH, the animals survived and showed spinal fluid bilirubin concentrations

of 0.2 to 1.2 mg per cent. The adipose tissue of these animals contained significant ex-

tractable bilirubin. When the rabbits were made alkalotic with sodium bicarbonate, no
bilirubin was found in the spinal fluid or adipose tissue. Animals first made acidotic with

acetazolamuide and then treated with sodium bicarbonate showed little or no hilirubin in

the spinal fluid.

Respiratory acidosis was followed by the appearance of large amounts of bilinihin in

the adipose tissue but only small amounts in the spinal fluid. Respiratory alkalosis on the

other hand restmlted in bilirubin-free adipose tissue, but spinal fluid with significant con-

centrations of bilirubin. Metabolic alkalosis was the only experimental condition in which

no bilirubin was found in either the spinal fluid or adipose tissue.

Studies with other organic ions, such as salicylate, suggest that the transport of these

ions, too, may be partially pH dependent. These resimits lead to the conclusion that the

rate of transport of an organic acid across a membrane is in part a function of its lipid

solubility; but the equilibrium concentrations in either compartment are related to the

(lissociation constant of the acid and the pH difference between the conipartments.

MECHANISM OF THE IMMUNOHEMATOLOGIC EFFECT OF PAPAIN AND RELATED ENZYMES.

Morton D. Prager and Kiara Efron, Wadley Research Institute and Blood Bank, Dallas,

Texas.

Human erythrocytes treated with the tluiol proteases papain, bromelin, and ficin, or the

serine protease trypsin, agglutinate specifically with nonsaline-agglutinating Rh antisera:

Only two minutes’ incubation with enzyme is required. While not excluding covalent bond

cleavage, the speed of reaction suggests that it may be ionic. Of 18 enzymes examined,

only the four mentioned prodtmced the serologic effect. They also share common specificity

in catalyzing hydrolysis of arginine and lysine derivatives. However, thrombin arid plasmin

with the same specificity are serologically inactive.

In studies with crystalline papain as a prototype it was found that nonactivated enzyme,

and enzyme in presence of p-chloromercuribenzoate, are serologically active with non-

saline agglutinating anti-C, anti-D, anti-E, and anti-c. These same preparations failed to

hydrolyze benzoylaringinamide ( BAA ), N-(p-toluenesulfonyl)-arginine methyl ester

(TAMe), and lysine methyester (LMe). Paper chromatograms of erythrocyte supernatants

failed to reveal peptides expected if papain were acting enzymatically. When papain-113’

was incubated with packed erythrocytes, 26 per cent of the radio-activity was left attached

to the cells. With serum albumin, a serologically inactive protein iodinated to a higher de-

gree, only 1 per cent 1131 remained on the cells. Further evidence of papain attachment to

erythrocytes comes from decreased enzyme activity in supernatants assayed with BAA and
TAMe. Hydrolysis of these substrates is inhibited by red cells, the degree of inhibition vary-

ing inversely with the substrate-erythrocyte ratio.

Preliminary studies with bromelin and ficin suggest that they act by the same mechanism

as does papain.

These findings suggest that:

( 1) The serologic effect does not depend upon enzymatic activity;

(2) The configuration of enzyme protein responsible for hydrolysis of arginine and lysine

derivatives may be necessary but is insufficient to produce the serologic effect; and

(3) The enzyme promotes agglutination through attachment to the erythrocytes, which

may be acting as typical enzyme inhibitors.
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SUSCEPTIBILITY TO IMMUNE HE�foI.Ysrs AS RELATED TO THE AGE OF HUMAN AND Doe RED

BLOOD CELLS. Robert C. Griggs and John W. Harris, Western Reserve University School

of Medicine Cleveland Metropolitan General Hospital, Cleveland, Ohio.

Susceptibility of human and dog erythrocytes to immune hemolysis as related to cell

age was studied in three different hemolytic systems: (a) human red cells and a Donath-

Landsteiner antibody from a patient with paroxysmal cold hemoglobinuria ( PCH); (b)
human red cells and an anti-human red cell rabbit antibody; and (c) dog red cells and an

anti-dog red cell rabbit antibody. An identifiable population of erythrocytes of known age

was produced by the administration of Fe59 to two humans and two dogs, previously bled

to stimulate erythropoiesis. At intervals thereafter and for a minimum of 130 days samples

of red cells were hemolysed in vitro by the antibody and appropriate amounts of human

or canine complement. Two different hemolytic levels for each sample gave similar results.
The degree of hemolysis of the whole population determined by hemoglobin released was

compared to hemolysis of the tagged cells, as indicated by the Fe59 released. With random

hemolysis, independent of cell age, the two figures should be identical.

The most striking changes with age were seen with human red cells hemolysed by PCH

antibody. Barely detectable hemolysis of new red cells was followed by gradually in-

creasing hemolysis that reached a maximum of approximately 75 per cent between 110

and 125 days.

Using the rabbit antibody, human red cells showed some hemolysis when very young,

less hemolysis at mid-life and then increasing hemolysis to a maximum at 100 to 120 days.

Dog red cells hemolysed by rabbit antibody showed gradually increasing hemolysis

with age.

These findings indicate that with increasing age the erythiocytes became more sus-

ceptible to immune hemolysis; for human erythrocytes maximum susceptibility was reached
at their expected life span of 120 days.

THE DISAPPEARANCE OF INTRAVENOUSLY INJECTED RADIOACTIVE VITAMIN , � IN PER-

NICIOUS ANEMIA IN RELAPSE AND IN REMISsIoN. Eugene A. Brody, Solmon Estren and
Louis R. Wasserman, The Mount Sinai Hospital, New York, N. Y.

Studies have demonstrated that the disappearance from the plasma of intravenously

administered radiocobalt vitamin B1., ( 0.5 �.tg. ) is slower in all patients with pernicious

anemia than in the normal. In pernicious anemia in relapse, the disappearance was con-

siderably slower than in the normal; in complete remission, the curves approach but

never reach the normal.

The variation of the pernicious anemia curve from that of the normal could not be cx-

plained by any difference in tissue uptake in urinary excretion of radioactivity in vitamin

Bl? binding capacity of the serum ( there is no difference between that of normal serum

and that of pernicious anemia in remission ) , or isotope dilution factors. The difference was
not due to increased binding of the injected B1,, by circulating globulin as seen in similar
experiments in patients with chronic myelocytic leukemia.

When the test dose was preincubated with concentrated purified intrinsic factor before

injection into normal subjects and into patients with pernicious anemia in relapse, in

partial remission, and in complete remission, the resulting disappearance curves were all
normal. The significance of these findings is discussed in terms of the transfer of vitamin

0 from plasma to tissues and of the role of extragastric ( e.g., plasma ) intrinsic factor in
this transfer. The absence of a plasma B19 “transferring substance” is postulated as an
explanation for the slow disappearance rates in patients with pernicious anemia.

Tns IMMUNOLOGIC PROPERTIES OF HUMAN HEMOCLOBIN. Paul Heller, Vincetrt J. Yakulis
and Aaron M. Josephson, West Side Hospital, University of illinois College of Medicine,

Chicago, Ill.

Previous immunoelectrophoretic (i.e.p. ) studies in our laboratory have shown that the
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The most frequently used techniques for estimation of heparin levels ( or protarnine

requirement) after open-heart surgery are protamine titrations and thrombin times. Fyi-

minor component A2 of human hemoglobin and a cathodically moving ( pH 8.8 ) non-
hemoglobin fraction which appears to consist of enzyme proteins, are highly antigenic to

guinea-pigs. The main components A, 5, and C were found not to be antigenic. A hemo-

globin-free precipitin line in the area of A hemoglobin was found to contain catalase.

Antiserum to fetal hemoglobin reacted with cord-blood hemolysate as test antigen in the

expected manner, but the line extended over a wide area. The line was similar with 5-

hemolysate as test antigen, whereas with A the line showed two arcs which were confluent,

and with C the line was shifted toward the cathode. The distribution of fetal hemoglobin

on the electrophoregram appeared to depend on the position of the main component.

There was no immunologic difference between fetal hemoglobin of cord blood and of

thalassemic blood. These data and other supporting evidence are consistent with the

hypothesis that fetal hemoglobin is immunologically homogeneous and electrophoretically

heterogeneous.

The i.e.p. pattern of the reaction of whole hemolysates of A, S, or C blood with the

respective antisera was basically the same, regardless of the identity of the hemolysates

or the antisera. It consisted of precipitin lines to A2 and fetal hemoglobin, and the two

nonhemoglobin components. Small differences concerned, as in the case of the isolated

fraction, the fetal precipitin line, the position and shape of which depended upon the test

antigen.

These data appear to explain the previously found lack of immunologic specificity of

A-, 5-, and C-hemolysates. Such specificity, however, is demonstrable for fetal hemoglobin.

This phenomenon suggests lack of antigenicity of the a and fi chains whereas the y and S

chains seem to have greater species specificity. Preliminary studies indicate that the y

chain is a reactive test antigen, whereas the a and ,8 chains appear to be immunologically

inert.

INTERACTING THALASSEMIA WITH NosusAl. A2 HEMOGLOBIN AND ELEVATED OR NORMAL

FETAL HEMOGLOBIN LEVELS. James A. Wolff, College of Physicians and Surgeons, Co-

lumbia University, New York, N. Y.

The pedigrees of three subjects with thalassemia major, one or more of whose parents

have normal values for A9 hemoglobin, have been analyzed.

In the families of two of the six parents, hereditary transmission of “classic” thalassemia

with elevated levels of A2 hemoglobin has occurred. Two other parents have a type of
thalassemia characterized by normal A2-hemoglobin levels and unusually elevated fetal

hemoglobin levels, of which the hereditary transmission is clearcut. One parent is a mem-

ber of a family showing transmission of thalassemia in association with an unusually lmigh

fetal hemoglobin and presumably Lepore hemoglobin. One parent has “morphologic”

thalassemia with normal levels of both minor hemoglobin components.

Most persons with thalassemia and elevated A2-hemoglobin levels have normal fetal

hemoglobin levels. When elevated, the increase does not exceed 5.0 per cent.

Thalassemia characterized by a normal A9-hemoglobin level usually has an elevated fetal

hemoglobin level. This increase, when present, exceeds 5.0 per cent. Thalassernia charac-

terized by the presence of Lepore hemoglobin may also have levels of fetal hemoglobin

greater than 5.0 per cent.

The four types of thalassemia described in the pedigrees of the three reported persons

with thalassemia major are produced by defects of $-chain synthesis of hemoglobin alone

or in combination with deficiencies of S-chain or 8-chain and y-chain synthesis of hemo-

globin.

ESTIMATIoN OF HEPARIN LEVELS IN STORED AND TRAUMATIZED BLOOD. Herbert A. Perkins,
D. I. Acra, and Mary R. Rolfs, Research Laboratory, Irwin Memorial Blood Bank of

the San Francisco Medical Society, San Francisco, Calif.
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dence will be presented that, under some conditions, the total amount of heparin present

is measured, while other approaches are influenced by factors in the blood antagonistic

to heparin.

Disruption of red blood cells and platelets during storage of heparinized blood or in

the course of extracorporeal circulation liberates antiheparin, thromboplastic� and thrombin-

accelerator activities. These substances shorten the clotting time of heparinized blood. Use

of the thrombin time to estimate heparin levels will provide a falsely low answer in

proportion to the amount of anttheparin and thrombin-accelerators released. Protainine

titration with an endpoint taken as the minimum amount of protamine that will sherten

the clotting time of heparinized blood to 15 minutes is influenced also by release of heparin

antagonists during storage or trauma. On the other hand, protamine titration with an end-

point of the least amount of protamine that results in a minimum clotting time is not in-

fluenced by endogenous heparin antagonists, suggesting that protamine has a greater

affinity for heparin than for the latter. Using this endpoint, heparin levels in blood are

unaffected by storage for as long as six months, by any degree of trauma to blood, or by

freezing and thawing whole blood.

Thus, protamine titration with a minimum clotting time as endpoint provides the best
index of the amount of protamine required to neutralize all heparin present. The 15-

minute endpoint or the thrombin time provides a better index of the effectioe level of the

anticoagulant. Failure to neutralize all heparin present might provide an explanation for
heparin rebound, if the remaining anticoagulant has been temporarily neutralized by

endogenous antagonists with rapid clearance times. This remains to be proved.

HEMATOLOGICAL REMISSIONS ir� Acuit LEUKEMIA WITH CYCLOPHOSPHAMIDE. Charlotte
T. C. Tan, Jane P/wa, Margaret Lyman, Pd. Lois Murphy. Harold W. Dargeon and
Joseph H. Burchenal, Divisions of Clinical Chemotherapy, Sloan-Kettering Institute and

the Departments of Pediatrics and Medicine, Memorial Sloan-Kettering Cancer Center,

New York, N. Y.

Cyclophosphamide has been given to a total of 50 children with acute leukemia. Most

of these children had previously been treated with either 6-mercaptopurine, mcthotrexate,
or both, and adrenal steroids, and had become resistant to these agents. Cyclophosphamide

produced remissions in 14 of 40, or 35 per cent of adequately treated patients.

The oral dosage varied from 2 to 10 mg. per Kg. of body weight daily, and intravenous

dosage from 5 to 15 mg. per Kg. of body weight weekly. After remission occurred, the

drug was continued. If signs of hematologic depression or toxicity developed, the dosage

was then reduced or discontinued temporarily.

Toxicity consisted of redness or ulceration of the buccal mucosa, nausea, vomiting, skin

eruptions, alopecia and cystitis. Toxic signs usually disappeared when the drug was
discontinued.

Of these 40 patients, 7 had a complete and 7 a partial remission according to the
CCNSC criteria of remission in children with acute leukemia. The duration of remissions
in 6 of these 14 patients was one month or less, in 4 patients it was one to two months, in
2 patients 2 to 3 months, and in 2 patients 4 and 10 months respectively. Two of these

patients are still on therapy and in remission for more than one and three months re-

spectively.

Ten children received a total dose of less than 15 mg. per Kg. of body weight in less

than 10 days and were considered to be inadequately treated.

The incidence and duration of remissions were not significantly influenced by the various

dosage schedules or the route of administration of the drug.
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