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ical pictures of regenerated fibers in the distal
stump, but without substantiation of their
number.

As in the former series, the diameters of the
regenerated branches were subnormal, with
only a few reaching the 8-9 micra class. This
caliber deficit indicates that the fibers have
been encroached upon at some proximal level
by endoneural fibrosis, possibly at the points
where the nylon cable was sewn through the
stumps. It has been shown that the narrowing
of the lumen of a fiber at any one level limits
the caliber growth of the distal portion of the
fiber®* While one must suspect that pet-
manently subnormal calibers entail some de-
ficiencies in function,® these have not been
severe enough to become grossly discernible.?

3 Weiss, Paul, and Taylor, A. C,, Proc. Soc.
Exp. BioL. AXD MED., 1944, 35, 77.

4 Weiss, Paul, and Hiscoe, Helen B., J. Exp.
Zool., 1948, 107, 315.
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Conclusions. Comparing these results with
those of the earlier series involving gaps of
about half the length, no evidence of a decline
of the power of regeneration with the increase
in the length of the gap can be detected. It
may be reasonable to assume that the gap
could be lengthened even more without be-
coming unbridgeable.

Summary. Gaps of from 22-32 mm in
length in tibial nerves of monkeys were closed
by nylon cables embedded in tubulated blood
bridges.12 The reinnervated muscles re-
gained an average of 85% of their normal
weight. The distal regenerated nerve fibers
were approximately normal in number, though
subnormal in size. There has been no reduc-
tion of regenerative power with increased
length of the gap in this series as compared
to a previous series with shorter gaps.

5 Young, John Z., Physiol. Rev., 1942, 22, 318.
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Erythrophagocytosis in Bone Marrow Culture with Relation to Antagonism
of Pteroylglutamic Acid.*

HerserT SaLis.t  (Introduced by Arnold D. Welch.)
From the Department of Pharmacology, School of Medicine, Western Rescrve University,
Cleveland, Qhio.

A small series of cultures of bone marrow
has been studied, as part of a larger investiga-
tion of the function of pteroylglutamic acid
(PGA).! Through the addition of PGA-

* This investigation was supported (in part) by
a research grant from the Division of Research
Grants and Fellowships of the National Institute
of Health, U. S. Public Health Service.

This paper is published with the permission of
the Chief Medical Director, Department of Medi-
cine and Surgery, Veterans Administration, who
assumes no responsibility for the opinions ex-
presgsed or the conclusions drawn by the author.

t Resident, Department of Medicine, Crile Vet-
erans Administration Hospital, Cleveland, Ohio.
The author is indebted to Dr. Rohert W. Heinle
and Dr. Arnold D. Weleh for their valuable aid
and advice.

antagonists [(crude antagonist N67-A2*
‘Methopterin’ (a methyl pteroylglutamic acid
of unidentified structure,®) and ‘Aminopterin’
(N-[—{ [(2,4-diamino-6-pteridy!)  methyl]-
amino p-benzoyl] -glutamic acid]®+ it had been
hoped to achieve in vitro a maturation arrest

1 Weleh, A. D., Heinle, R. W., Pritchard, J. A,,
and Salis, H., Fed. Proc., 1948, 7, 300.

2Welch, A. D, Heinle, R. W., Sharpe, G,
George, W., and Epstein, M., Proc. Soc. Exp.
BioL. AND MED., 1947, 65, 364.

3 Franklin, A. L., Stokstad, E. L. R., and Jukes,
T. H, Proc. Soc. Exr. Bron. anp Mgb., 1947,
65, 368.

4 Franklin, A. L., Stokstad, E. L. R., Belt, M,,
and Jukes, T. H., J. Biol. Chem., 1947, 169, 427.

5 Hultquist, M. E., and co-workers, unpublished
data.
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in the erythroid series. Although this did not
develop, extensive phagocytosis of erythro-
cytes, chiefly by granulocytes, was encoun-
tered, with a definite relationship to the
presence of the PGA-antagonist. Because this
phenomenon may have clinical implications, a
summary of the results is being reported.

The culture method utilized was essentially
that of Osgood and Brownlee.” Human um-
bilical cord serum in a concentration of 30-
35% in a balanced salt solution was employed
as the basic medium, in the manner described
by these authors. Bone marrow cells were
procured by the aspiration of 2 to 7 cc of
marrow content from the sterna of patients
without demonstrable hematologic disorders.

Observations in 2 experiments are shown in
the accompanying graphs. A third experi-

6 Seeger, D. R., Smith, J. M., Jr., and Hultquist,
M. E,, J. Am. Chem. Soc., 1947, 69, 2567.

{ The antagonists of pteroylglutamic acid were
supplied by the Lederle Laboratories Division,
American Cyanamid Company.

7 Osgood, E. E., and Brownlee, I. E., J.4.M. 4.,
1937, 108, 1793.

ment, involving the use of ‘Aminopterin’
(55 pg/cc), revealed, on the fifth and last
day of the experiment, a count of 16 phago-
cytic granulocytes per 200 nucleated cells in
the culture containing ‘Aminopterin,” as op-
posed to 2 such cells in the control culture.
Except for an occasional eosinophil and
several myelocytes, the phagocytic cells were
either segmented or band-form polymorphonu-
clear neutrophils. Large macrophages, similar
to those usually described, were found in all
cultures after the first to third day, but these
cells were only slightly phagocytic of erythro-
cytes, and were not included in the category
of erythrophagocytic cells. (These macro-
phages have persisted in culture for more than
70 days). Only phagocytosed erythrocytes
with distinct morphology were enumerated,
thereby excluding cells in an advanced state of
digestion. As many as 10 or 11 red cells have
been counted in a single phagocyte. Occasion-
ally, a normoblast was found phagocytosed.
From examination of the graphs, it will be
noted that (a) the number of erythrophago-
cytic granulocytes in the culture containing a
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PGA.
those shown above this line,

PGA-antagonist became much greater than
that of any other culture, (b) these cells, in
the cultures containing antagonist, ingested
more erythrocytes than those in the other cul-
tures, and (c) these effects were prevented by
the addition of PGA.

Daily leucocyte and differential counts of
200 nucleated cells revealed the relative and
absolute numbers of segmented and band-
form polymorphonuclear leucocytes in the
PGA-antagonist cultures to be similar to, or
often less than, those in the other culiures.
Thus, the greater erythrophagocytosis pre-
vailing in the antagonist cultures was not due
to the presence of a greater number of poten-
tially phagocytic cells.

These findings are of interest because of the
occurrence of erythrophagocytosis in certain
cases of marked anemias. Such phagocytosis
has been observed in the peripheral blood in
idiopathic aplastic anemia,® pernicious ane-
mia,?> 1! acute hemolytic anemia of the Lederer

8 Whitby, L. E. H., and Britton, C. J. C, Dis-
orders of the Blood, 5th Ed., The Blakiston Co.,
Philadelphia, 1946, p. 381.

9 Hopkins, J. G., Arch. Int. Med., 1910, 6, 270,

Arrows indicate solid line representing all cultures other than

type,®1? severe ‘“‘secondary anemia,”!3 sickle-
cell anemia (more pronounced in the liver,
spleen, and lymph nodes).?'*!% erythroblas-
tosis fetalis, 31118 paroxysmal hemoglobinu-
ria,'* and in marked anemic states associated
with leukemias,'»!® parasitic infections (es-
pecially malaria),}* and toxic or infectious
states (especially subacute bacterial endocar-
ditis).)* Oroya fever, with a severe anemia
resembling pernicious anemia, evidences
marked erythrophagocytosis in the bone mar-

10 Kaznelson, P., Deutsches Arch. f. klin. med.,
1918, 128, 131.

11 Abt, A. F., 4dm. J. Dis. Child., 1931, 42, 1364.

12 Hargraves, M. M., Herrell, W. E., and Pear-
man, R. O., Proc. Mayo Clinic, 1941, 16, 107.

13 Rowley, M. W., J. Exp. Med., 1908, 10, 78.

14 Sydenstricker, V. P., J.4.M.A4., 1924, 83, 12.

15 Diggs, L. W.,; South. Med. J., 1932, 25, 615.

16 Mason, V. R., in Downey, H., Handbook of
Hematology, Paul B. Hoeber, Inc., New York,
1938, pp. 2343-44.

17 Stasney, J., Am. J. Path., 1943, 19, 225,

18 Wyatt, I. C,, Cooper, M. B, and Groat, W. A,,
Am. J. Dis. Child., 1938, 56, 1319.

19 Boweoek, H., and Bishop, E. L., 4dan. Int.
Med., 1930, 3, 1252,
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row. spleen and liver.2>?! The anemia of
Hodgkin’s disease has been ascribed to eryth-
rophagocytosis (in lymph nodes, liver, lungs
and bone marrow),?? and the severe anemia
of primary splenic panhematopenia has been
attributed to excessive phagocytic function of
the spleen?® Throughout the literature,
macrophages have been the chief phagocytic
cell reported. Only in patients with severe
pernicious anemia,® and a severe “secondary
anemia” (probably of a leukemia)® have
granulocytes been the predominating phago-
cytic cell type.

In animals, toxic or infectious states have
led to anemic conditions associated with
erythrophagocytosis>* Most prominent of
these is the bartonellosis of rats25 similar to

20 Report of First Expedition to South America,
1915, Cambridge, Harvard University Press, pp.
50-51,

21 Ash, J. E,, and Spitz, 8., Pathology of Trop-
ical Diseases, W. B. Saunders Co., Philadelphia,
1945, pp. 25-26.

22 Marschal, G., Mahoudeau, D., Loc’h Le, and

Brun, C.,, Bull. et mem. Soc. d’hop de¢ Paris,
1941, 57, 15.

23 Doan, C. A, and Wright, C., Blood, 1946,
1, 10.

2t Jaffe, R. H., in Downey, H., Handbook of
Hematology, Paul B. Hoeber, Inc.,, New York,
1938, p. 1017.
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Oroya fever in man. It is of interest that this
condition is reported to be improved by treat-
ment with PGA 26 Other studies in man and
rodents indicate an increased phagocytic
function of granulocytes in anemia (including
pernicious anemia), the increase in phago-
cytosis being roughly proportional to the
severity of the anemia 27

The clinical and experimental data suggest,
therefore, that erythrophagocytosis may be
associated with a PGA-deficient state. Fur-
ther investigation is required to ascertain if
such a relationship exists.

Summary. Blood cell cultures grown in
the presence of PGA-antagonists exhibited
marked erythrophagocytosis by granulocytes
when compared with cultures containing no
antagonist or containing antagonist and PGA.
It is suggested that PGA-deficiency might ac-
count for erythrophagocytosis observed in cer-
tain instances of anemia in humans and
animals.

25 Weinman, D., J. Infect. Dis., 1938, 63, 1.

26 Smith, H. M., and Emery, F. E., Proc. Soc.
Exp. Bion. AND MED., 1948, 67, 178.

27 (a) Berry, L. J., Leyendecker, R. M., and
Spies, T. D., Morphologic Hematology, Special
Issue No. 1 of Blood, Grune and Stratton, New
York, 1947, p. 98; (b) Berry, L. J., and Haller,
E. C, ibid., p. 108; (c) Berry, L. J., and Haller,
E. C, ibid., p. 117,
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Electrokinetic Change in Human Erythrocytes During Adsorption and
Elution of PR8 Influenza Virus.*

MarTIN Hanie.

(Introduced by Thomas Francis, Jr.)

From the Department of Epidemiology and the Virus Laboratory, School of Publw Health,
Umverszty of Michigan, Ann Arbor, Mich.

Hirst!? and McClelland and Hare® found
that PR8 strain of influenza virus could be

* Aided by grants from the National Foundation
for Infantile Paralysis, Inc., and from the Com-
mission on Influenza, Army Epidemiological Board
Office of Surgeon General, U. S. Army. :

1 Hirst, G. K., Science, 1941, 94, 22.
2 Hirst, G. K., J. Exp. Med., 1942, 76, 195,

adsorbed by chicken erythrocytes with their
accompanying agglutination.. On standing it
was also found that the virus was gradually
eluted from the cells and that the cells could
no longer adsorb subsequent additions of that

3 McClelland, L., and Hare, R., Can. Pub Health
J., 1941, 32, 530. :



