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To the Editor:

The findings reported in the recent paper

of Matioli and Zuckerkandl’ in a case of

clinical thalassemia major are indeed of
considerable interest. It is premature to

discuss at length the complex questions

raised by this study, because this particular

case may indeed not be comparable to other

cases of thalassemia major; so far in the

latter, the distribution of the various hemo-

globin types over the red cell population,

studied by other methods, has been found

to differ markedly from that observed by

Matioli and Zuckerkandl.24 At this stage,

however, it may be in order to indicate that

their own interpretation of the findings

presents certain inconsistencies. The authors
suggest that the four-fifths of the red cells

( population a ) are heterozygous for �-

thalassemia and for a panglobinopema gene
which �‘. . . controls some step essential for

the synthesis of all ( my italics) hemoglobin

chains.” They further suggest that this gene
may involve some step in heme synthesis

and accept that the mutant gene does not

express itself in the remaining one-fifth of

the red cells examined ( population b),
which are heterozygous only for ,8-thalas-

semia. I find it difficult to reconcile the sug-

gested action of the panglobinopenia gene

with the data:

( a) The A:F ratio in population a is

0.67, whereas it is three times as high in
population b, namely 2.2; since the A:F

ratios differ so markedly and the absolute

levels of y-chains are in both populations,

either with or without panglobinopenia,

practically the same, synthesis of 7-chains

appears to have escaped from the action

of this gene.

( b) Although the amounts of hemo-
globin A2 for each population are unknown,

one can estimate that synthesis of the �-

chains is also protected to a large extent, if
not completely against the panglobinopenic

effect; for instance, had 6-chain synthesis

been depressed in population a to the same
degree as the $-chain, namely to almost

one-fourth of the value of population b, it

is unlikely that the overall percentage of

5.8 for hemoglobin A2 could have been

reached unless the amount of A2 in the

minor population b is unusually high.

( c ) As for the a-chains, the levels are

obtained by calculation and for several rea-
sons, on which I do not wish to expand

here, the conclusion that synthesis of this

chain has also been depressed by the pan-

globinopenia gene may need some inde-

pendent evidence.

An A:F ratio of 0.67, as seen in the
severely hypochromic cells of population a,

may not be unusual for red cells of homozy-

gous $-thalassemia and the need to resort

to a genetic panglobinopenic effect is not

readily apparent. On the other hand, the

A:F ratio of 2.2 and the MCH of 31.8 in

population b are rather intriguing for adult

red cells supposed to be heterozygous for

a “high A2” ,6-thalassemia gene; the latter

figures are in a way reminiscent of cells

heterozygous for the persistent Hb F gene,

of the Negro type.

It is unfortunate that, at its first intro-

duction, the new panglobinopenia gene has

not been supplemented by genetic and

hematologic data on the patient’s family

and that it becomes necessary to resort to

mosaicism at a stage when the action of

this gene is not yet sufficiently clear. In-

formation on any transfusional therapy and
data on the history and clinical condition

of the patient would have been also of

help for the hematologists at large. Of

minor consequence is the sentence that

“. . . elevation of this component ( namely
A2 ) in fl-thalassemia is substantiated in the

literature by percentage figures only.” I

endorse this statement, although it over-

looks some earlier studies, in which the

calculation of absolute amounts of hemo-
globin types has been applied, specifically

for Hb A2.5 There can be no doubt, how-
ever, that the elegant method applied by
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Matioli and Zuckerkandl should find a

prominent place in the study of the hemo-

globinopathies.

PHAEDON FESSAS, M.D.

Hematology Section

Department of Clinical Therapeutics

University of Athens

Athens, Greece

References

1. Matioli, G., and Zuckerkandl, E.: Micro-

spectrophotometnic studies of individ-

ual erythrocytes from thalassemia pa-

tients. I. A case of double heterozy-

gosity for $-thalassemia and pan-

globinopenia? Blood 24:420, 1964.

2. Shepard, M. K., Weatherall, D. J., and
Conley, C. L. : Semi-quantitative es-

timation of the distribution of fetal

hemoglobin in red cell populations.

Bull. Johns Hopkins Hosp. 110: 293,

1962.

3. Gabuzda, Th. G., Nathan, D. G., and

Gardner, F. H. : The turnover of hemo-

globins A, F and A2 in the peripheral

blood of three patients with thalas-

semia. J. Clin. Invest. 42: 1678, 1963.

4. Loukopoulos, D., and Fessas, Ph. : The

distribution of hemoglobin types in

thalassemic erythrocytes. J. Clin. In-
vest. In press.

5. Fessas, Ph., Stamatoyannopoulos, G., and

Karaklis, A. : Hemoglobin “Pylos.”

Study of a hemoglobinopathy resem-

bling thalassemia in the heterozygous,

homozygous and double heterozygous

state. Blood 19:1, 1962.

Rebuttal:

Dr. Fessas writes that the red cells in

what we described in our paper as cell

population b “are heterozygous only for �-

thalassemia.” This was not stated in our

paper, although the reader might have

thought it to be implied. In fact, the ques-

tion as to whether the observed mosaic con-

dition concerned only the hypothetical

panglobinopenia gene or also the $-thalas-

semia gene was left open.

Some paragraphs of the discussion of our
results were eliminated from the published

version of our paper. The comments of Dr.

Fessas bring into focus the fact that, by

dropping one passage originally submitted
to BLOOD, we eliminated a significant logi-

cal link. This passage is now quoted with-

out modification. It followed the sentence:

“The unimodal distribution of y-chain pro-

duction that is observed in at least 80 per

cent of the peripheral cells may be assumed

to reveal a unimodal stimulation of the

y-chain gene in these cells” (end of third

paragraph, p. 427).
“On the basis of this and one further

assumption, namely that of a competition

between gene products for a common

acceptor, the present data allow one to

choose tentatively between the two hy-
potheses relative to cell population h, the

one postulating the presence of one in-

hibited $-chain gene, the other postulating

the presence of two intrinsically normal

$-chain genes. The assumption of the

existence of a competition between gene

products from different hemoglobin genes

for a common acceptor seems a plausible

interpretation of a great number of re-

stilts to be found in the literature.1

“The observation that furnishes the

basis for choosing between the two hy-

potheses on the above assumptions is

the fact that the y-chain is present in

equal average amounts per cell popula-

tions a and b. If cell populations a and b

contained both one inhibited fl-chain

gene per cell, to which is added one ef-

fective panglobinopenia gene in the case

of cell population a, the ratio of the gene

product from the y-chain genes to the

gene product from the fl-chain genes

should be the same in both populations;

but due to panglobinopenia there should

be found in cell population a only about

one-hall the absolute amount of y-chain

per cell that is present in cell population

b. On the other hand, if cell population

a contained one effectively thalassemic

fl-gene allele and cell population b two

normal fl-gene alleles, and if panglobino-

penia were absent from both populations,

the amount of product derived from the

fl-chain genes would be reduced in cell

population a as compared to cell popula-

tion b; a larger proportion of the com-

mon acceptor would be available for

combining with the product from th�

y-chain genes in cell population a than

in cell population b, and a greater abso-
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lute amount of y-chain per cell would

be found. Only under a third set of cii-

cumstances may the mean absolute

amount of y-chain be equal in cell popula-

tions a and b, namely when one fl-al-

lele is inhibited in cell populaton a in the

presence of effective panglobinopenia,

whereas neither panglobinopenia nor a

thalassemic inhibition of a fl-chain gene

are manifest in cell population b. In that

case cells from category a, as compared

to cells from category b, would produce
on the average a lesser absolute amount

of y-chain on account of heterozygous

panglobinopenia, yet would produce a

higher absolute amount of y-chain on ac-

count of the decrease in competition of
products from the fl-chain gene for the

common acceptor. The two opposite ef-

fects may cancel out. They would cancel

out exactly when the primary products

of the fl-chain genes and the stimulated

‘y-chain genes are put out at an equal

rate, and where the inhibition of the

effectively thalassemic fl-chain gene in

population a is complete. They may not
always cancel out exactly, and cases

should therefore be found in which the

absolute amount of y-chain per cell is

not distributed unimodally over the whole

cell population, but is distributed bimodal-

ly. In this view such cases need not differ

fundamentally from the present case. Pos-

sibly we niay have here an explanation of

some of the contradictory results obtained

by different authors in relation to the

distribution of Hb F over the cell popula-

tion in thalassemia.2’3’4 It thus appears

consistent with the available facts to as-

some that both fl-chain genes display a

normal intrinsic level of activity in cell

population h, where fl-chain production

is decreased only as a result of the com-

petition for a common acceptor with gene

products from the activated .y-chain gene,

and that the mosaic condition is realized
not only for panglobinopenia, but simulta-

neously for thalassemia.

“This hypothesis explains both the ratio

1 to 2 observed in total hemoglobin pro-

duction for the two cell populations and

of approximately 1 to 4 observed for fi-
chain production. Effective heterozygosity
for panglobinopenia in cell population a

should roughly halve the output of each

hemoglobin chain; and effective heterozy-
gosity for fi-thalassemia in the same cell
population should again roughly halve

the output of fl-chain as compared to the

situation prevailing in the normochnomic

nonthalassemic cells, with the result that

in the hypochromic, thalasseniic cells fi-
chain production is reduced to roughly

one-quarter. Because of the possibility

of a partial compensation of normal al-

leles for their deficient alleles, these num-

bers need not be integers, as they are, or

very nearly so, in the present case.”

This passage shows that the panglobino-

penia hypothesis is not necessarily inconsis-

tent with the unimodal distribution of ab-

solute amount of y-chain over the cell

population that was examined.

As to the objection raised by Dr. Fessas

in connection with the increased proportion

of Hb A2 in the subject on whom we re-

ported, it does not seem to us to be founded.

fl-thalassemia will increase the proportion

and the absolute amount per cell of 6-chain

( cf. ref. 1 ). Panglobinopenia will decrease

the absolute amount of 6-chain per cell, but

will not strongly affect its proportions, since

by definition, this condition results in a

reduction of the synthesis of all hemoglobin

chains. In the case of a double heterozygos-

ity for fl-thalassemia and panglobinopenia,

the proportion of Hb A2 is expected to be

what it was found to be, namely elevated

on account of the fi-thalassemia.

Although consistent, our interpretation

may not in fact apply to the case that was

presented in our paper. This we made clear

from the start by using a question mark in

the title of our article. For further justifica-

tion and clarification of the panglobinopenia

hypothesis, see ref. 5.
We present our sincere apologies to Dr.

Fessas for having failed to mention that

he and his collaborators had indeed cal-

culated absolute amounts per cell of Hb A2

in the well-known paper to which he refers.

One of us ( E. Z. ) takes advantage of this

opportunity to make the following con-

rection: under the author’s signature, read

“Research Fellow” instead of “Professor.”

GASTONE MATIOLI

Department of Microbiology

University of Southern California
School of Medicine, Los Angeles, Calif.

EMILE ZUCK.EBKANDL
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Increase in Plasma Antithrombin Activity
Following Total Body Exposure to

Small and Medium Doses of
Roentgen Rays in Dogs

To the Editor:

(Some Remarks on the Paper: Radiation-

Induced Hemorrhagic Diathesis in Dogs
Unassociated with Thrombocytopenia: Asso-

ciation with Intravascular Protein-Polysac-

charide Particle. By Winchell, Anderson &

Pollycove).
In February 1964 Winchell & co-workers

published in the BLOOD the paper mentioned

above. The present paper is meant only as

a short additional contribution to their oh-

servations.

In the years 1957-58 we studied the hem-

orrhagic postirradiation syndrome in dogs.

The animals were exposed to small and

medium whole body doses, in the range of

25-350 r. Besides blood platelet counts our

blood clotting study included the clotting,

necalcification and bleeding times, tests of

vascular fragility, pnothrombin complex test-

ings, thrombin titration ( Quick), thrombo-

plastin generation test and measurements of

fibrinogen levels. We presented our results

at the International Biophysical Symposium

in Prague in October 1958. We have not

performed any further studies on this item

since then.
We came to the conclusion that the major

cause of the syndrome was the blood plate-

let drop, due to a direct impairment of their

bone marrow precursors; besides that, how-

even, the syndrome seemed to be a more

complex phenomenon, in which even other

clotting lesions may potentially be set into

action. We mention here only our findings

in the thrombin titration which showed an

increased antithrombin activity of the plas-

ma in exposed animals. We got the impres-

sion that there might be some connections

between our results and those of Winchell,

Anderson and Pollycove.

METHODS

We used mongrels, of different age and

sex, weighing between 7-20 Kg. As a base

we took the normal human thrombin titra-

tion to which we compared the values in

nonexposed animals. Contrarily to other

coagulation parameters, these values in dogs

were very near to those of humans, on the

average 100.8 per cent. These values were

ascertained by examining the whole expeni-

mental set before the beginning of the ex-

periment itself. The number of animals

was n = 30, and the standard error of the

whole set was s = 9.96 per cent. In the

course of the experiment we considered the

zone ± S as the variation range of the nor-

mal. The thrombin titration was performed

according to Quick in our own modifica-

tion.3’4

RESULTS

As it can be seen from the graph an in-

crease in antithrombin activity of the plasma

appeared in all groups of exposed animals.

The curves showed a diphasic course: a first

rise was followed by a drop with a subse-

quent, more protracted second rise. Fol-

lowing radiation doses of 25, 75 and 150 r.

( curves a, b, c ) the first increase culminated
already during the first 24 hours; the drop

was the deepest on the third day. The see-

ond rise, which reached a higher value than

the initial maximum, declined slowly till

the fifteenth through the twentieth day. In

the groups exposed to higher radiation doses,

i.e., 200, 250 and 350 r. ( curves d, e, f)

the initial culmination points were different;
the first increase in antithrombin activity

lasted longer than in the previous groups,

and the drop of antithrombin activity took

place on the eleventh, eighth and ninth day,

respectively. After the doses of 25-150 r. no

animals died; the clotting values were stud-
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how’i m days �#{149}
a, a s&�a. �

ied further, even after the seventieth day

but, as there were no marked deviations
from the normal, they are not included in

the graph. In the groups exposed to higher
doses some animals died ( cf. graph, curves

d, e, f; exits marked by crosses ) ; there
was, however, no obvious relation between

the number of deaths and the grade of anti-

I,

thrombin activity: in the clinical and labo-

ratory picture, thrombopenia dominated.

Histochemical examinations of the autopsy

material were not performed. For better un-

derstanding of the curves, we note that with

each death the number n gets lower by one;
as long as at least 2 animals survived we

quoted an average curve ( full line ) ; a
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broken line connects the last “average” point
to the next already “individual” point, when
only 1 animal survived.

In the discussion of our previous paper5

we thought about the presence of a factor
with hepaninoid effect, able to support the
development of a hemorrhagic syndrome,

but not outstanding in the laboratory pie-

tune. Our hypothesis was supported by the

former findings of Allen & co-workers1’2 who

supposed that postirradiatony hyperhepanin-

emia was the unique cause of the whole

hemorrhagic syndrome. Also the paper read

by Zicha of Prague7 at the same symposium,

dealing with an increase of seromukosid

level after irradiation fit in well with our

opinion. These polysacchanides namely pos-

sessed all theoretical assumptions to act as

hepaninoids.

The curves of the exposed animals differed

distinctly from the well-balanced curve of

the control group ( graph, curve g), the de-

gree of the response, however, did not al-

ways correspond to the administered doses.

In this sense, in our opinion, the follow-

ing factors have to be held in mind:

( 1 ) Our experimental set was not as
homogeneous as that of Winchell and co-

workers as far as breed, age, sex, size and

finally even color of the fur are concerned.

Therefore the results could have been in-

fluenced by individual resistance on sen-

sitivity.

( 2 ) The radiation source we used was
different.

(3) The doses we administered, i.e.

either expressly low, “irritation” doses on

medium doses acting already in a specific

way, probably produced reactions of dif-

ferent kinds.

( 4 ) The diphasic course of the curves

indicates a share of nonspecific stress in

the whole reaction. The stress component

was particularly obvious in small doses.

From the pathogenetic aspect, we con-
sidered a primary lesion of the RES see-

ondary to which other coagulatory lesions
could occur: lesions which we observed but
do not mention here.

Even the most expressed changes ex-

ceeded but slightly the range of statistical

evidence (P < 0.05 ). They were no domi-
nant feature in the laboratory picture and

the platelet drop was certainly more im-
portant. Nevertheless, we think that a

mute increase of antithrombin activity of

the plasma may be a regular part of the

postinradiation hemorrhagic syndrome of any

origin, and that after higher radiation doses

it may enhance the manifestations of the

hemorrhagic diathesis.

Since the time we performed our study

we have lost immediate touch with this

work. Therefore we content ourselves with

a qualitative communication in the hope

that it could interest the authors as well as

the readers of the interesting paper we

mentioned.

SUMMARY

Stimulated by the paper of \Vinchell,

Anderson & Pollycove, the authors report

about their findings of increased antithrom-

bin activity of the blood plasma in dogs

exposed to low and medium x-ray doses.
This phenomenon shows some features of

heparinoid activity which may be ascribed

to the increase of protein-bound polysac-

chanides observed following irradiation. It

seems also likely that this increase in anti-

thnombin activity would be a regular but

by far not major component of the complex

of blood clotting disorders after any kind

of irradiation.

CTLRAD �VEHLA, M.D.
KONRAD RYSANEK, NIl).

JIRI KONIG, M.D.

HELENA �PANKOVA

MILOSLAVA MLEJNKOVA

Research Institute for Ex-

perimental Therapy
Medical Clinic of the Post-

graduate Medical School

Prague, Czechoslovakia
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Unused Constituted Firefly
Extract Stored at 4 C.

Pooled Used Firefly Extract
Stored at 4 C.

a

I I �
� � E�

� � �

0 35.0 18.0 2.28 100.0
1 33.5 37.0 3.91 100.0 33.0 37.2 4.00 102.13 35.2 38.8 3.90 99.7
2 36.0 34.0 3.34 100.0 30.0 28.8 3.40 101.8 32.0 29.0 3.21 96.1
4 34.3 41.2 4.54 100.0 27.3 35.0 4.80 106.6 27.0 35.0 4.59 101.6

- ‘Different samples used on different days.
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Red Cell ATP Determinations

To tile Editor:

In a recent issue of Blood1 we reported

a rapid, simple method for the determina-

tion of red cell AlT, based on the fire-fly

luciferase technic. Since this time, we have

used this technic, without modification, in

the determination of the AlT content of

hundreds of blood samples stored under

various conditions. Recently, however, it

has become apparent that the efforts of the

school children of St. Louis to capture
sufficient fireflies in the past summer, to

fulfill our needs ond those of others, have

fallen short; Sigma Chemical Company has

begun to ration firefly extract.

We therefore carried out studies to de-

termine whether firefly extract used for

blood AlT determinations could be used

repeatedly. We are pleased to be able to ne-

port, that, as shown in table 1, it is not nec-

essary to discard firefly extract after each

use. It is entirely practical to pool the con-

tents of cuvettes which have been used in

the ATP determination, store them in the re-

fnigerator, and reuse them, either the same

day, on after several days’ storage in the

refrigerator. The dark boiled blood particles

can readily be removed by filtration through

Whatman #4 filter paper without loss of

activity. However, this step is not necessary

for reliable results. Freezing and thawing,

on the other hand, is associated with con-

siderable loss of activity.

By reusing the reconstituted firefly ex-

tract it will be possible for investigators to

perform at least four times as many deter-
minations with each vial of the material.

This results in a considerable decrease in

the expense of the method, and may also

serve to preserve from extinction the firefly

population of St. Louis.

ERNEST BEUTLER, M.D.

OLGA DusioN, PH.D.

Division of Medicine

City of Hope Medical Center

Duarte, California
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Table 1

Freshly Constituted Firefly
Extract-(Control)
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