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TRELE I. Hematologic Data on  Patients with Pernicious Aiicmia in Xelapse Treated with 1 and 2 
pg Vitamin B12 Daily. - -_-- 
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* No retit,. re.iponse. 

cyte response was optimal in 3 instances and 
submaximal in the fourth case. Normal 
hematologic levels were attained in 47 to 69 
days. The clinical response as regards appe- 
tite, gain in weight, strength and improve- 
ment in well being, were the same as those 
observed with adequate doses of liver extract 
or folk acid. All four cases showed moder- 
ate to advanced neurologic changes prior to 
treatment. No improvement., other than dis- 
appearance of numbness and tingling in one 
patient was observed. 

The authors have under treatment 2 groups 
of pernicious anemia patients in remission 
who are receiving 14 pg olf crystalline vit. 
BIZ intramuscularly every 7 or 14 days. It 
is too early to compare thlese data with those 
presented by Meacham et aZ.(S). 

Summary. (1) Four patients witth per- 
nicious anemia in relapse were treated with 
1 pg of crystalline vit. BIZ, intramuscularly, 
daily. Three cases showed submaximal reticu- 
lolcyte responses and failed to reach normal 
blood levels in 53 to 93 days. Clinical im- 
provement was observed in all instances. 
( 2 )  Four other patients with pernicious 
anemia in relapse, treated with 2 pg of crys- 
talline vit. BIZ, intramuscularly, daily, showed 
satisfactory clinical improvement, optimal 
reticulocyte responses, and norma1 blood 
levels in 48 to 69 days. Symptoms of neuro- 
logic disease disappeared in one person but 
persistent signs were observed in all 4 cases. 
_____ _____ 
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Inhibition of Phagocytosis by Aureomycin. (18201) 

J. MUNOZ AND R. GEISTER. (Introduced by Milan V. Novak) 
From the Department of Bacteriology, University of Illinois, Chicago. 

Aureomycin is a widely used antibiotic in 
the therapy and control of many bacterial, 
viral and rickettsia1 diseases( 1). It is ap- 
parently tolerated in large doses in human 
patients it6 well as in experimental animals, 
and aside from minor gastro-intestinal dis- 
turbances and rare allergic reactions, few 
untoward signs of toxic manifestations have 
been observed (2,3 ) . The doses administered 

1. Spink, W. W., and Uow, E. M., J.A.M.A.,  1949, 
v141, 964. 

clinically range from 50 mg/kg/day to 500 
rng/kg/day orally(4,5), resulting in blood 
levels af .15 pg to 20 pg per ml. Lqine  and 
co-workers (6) reported that aureomycin as 

2.  Rosanova, A. R., and Warsjewski, E., Med.  
Times N .  Y . ,  1949, v77, 524. 

3. Harvey, J. C., Mirick, G. S., and Schaub, I. G., 
3. C h .  Invest., 1949, v28, 981. 

4. Brainerd, H., Lennette, E. H., Meiklejohn, G., 
Bruyn, H. B., Jr., and Clark, W. H., J .  Clin. Invest., 
1949, v28, 992. 
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well as chloramphenicol (Chloromycetin) was 
toxic to developing cells as shown by their 
complete inhibition of the growth of cells in 
tissue culture by these antibiotics. Because 
of our interest in the role of the phagocytic 
system in the recovery from infections treated 
with antibiotics, an attempt to investigate the 
effect of aureomycin on the in vitro phago- 
cytosis of bacterial cells by  the polymor- 
phonuclear leucocytes of normal human blood 
was initiated. 

.Materials and methods. The crystalline 
aureomycin used in this work was purchased 
from Lederle Laboratories as the parenteral 
hydrochloride salt (lot S o .  7-9837). The  
solutions of the drug were made in 34/12 
phosphate buffer a t  pH 7.2 and used within 
one hour after they were made. The  blood 
utilized was drawn from the median cephalic 
vein a t  the antecubital fossa of a normal sub- 
ject. I t  was immediately placed in a flask 
containing enough saline solution of heparin 
(20 mg,’ml) to give a final concentration of 
2 mg ’ml blood. The  heparinized blood was 
used within 15 minutes after its collection. 
A culture of Micvococcus pyogenes var. albus 
previously used in similar studies was selected 
( 7 )  because it is readily phagocytized by  
normal human leucoq-tes, and forms a smooth 
suspension in saline which can easily be 
standardized. The organisms were grown on 
plain nutrient agar slants for 12 hours a t  
37’C, washed off the slants with salinle and 
a suspension corresponding to nephelometer 
standard KO. 1 was made (approximately 
300 million organisms per ml) . 

The phagocytic tests were set up as fol- 
lows: 0.3 ml of 35/15 phosphate buffer was 
added to each tube (9  mm s 75 mm) ,  except 
to the control tubes containing no aureomy- 
cin which received 1.3 ml of the same buffer. 
One ml of aureomycin solution in the proper 
concentrations was added to all tubes except 
the controls, and following this 0.5 ml of the 

5 .  Knight, V., McDerrnott, W. and Ruiz Sanchez, 

6. Lepine, P., Barski. G. and  Maurin, J., PROC. 
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freshly drawn heparinized blood was pipetted 
into each tube. Finally, 0.2 rnl of the stan- 
dardized suspension of organisms was added 
to all the tubes. The  whole procedure never 
took more than half an  hour to be com- 
pleted. and the addition of the blood and 
suspension of organisms was done within 5 
minutes. The final volume in each tube was 
2 ml. The tubes were then stoppered with 
corks which had been kept in distilled water 
for a few days to extract any substances 
which might have interfered with phagocy- 
tosis. The tubes were then placed in a 
rotating disk ( 15 rpm) completely submerged 
in a water bath a t  37’C as previously de- 
scribed by Hanson (8). They were rotated 
for 15 minutes and as soon as possible after 
this rotation period elapsed 4 smears were 
made on clean slides from each tube: start- 
ing with the tube containing the highest con- 
centration of aureomycin. The time elapsing 
between the end of the rotation period and 
the completion of making the smears was 
never longer than 10 minutes. T o  be sure 
that this time did not affect the number of 
cells showing phagocytosis, another smear 
was made of the first tube after i t  had stood 
for half an  hour a t  room temperature without 
rotation. S o  further change in phagocytosis 
was ever noted in this tube. p H  readings 
before and after the experimental procedure 
remained a t  7.2. The smears were stained 
with the methylene blue method of Welch 
and Hunter (9) .  Four hundred polymor- 
phonuclear leucocytes were counted under 
the oil-immersion lens of the microscope (100 
from each of 4 slides), and thhe ones showing 
one or more ingested micrococci were recorded. 
I n  some series Wright’s stain was used, but 
this was found to be less saltisfactory than 
the methylene blue stain of Welch and Hunter. 
These experiments were always run in dupli- 
cate and were repeated several times with 
similar results. 

Results. The results of these tests are 
tabulated in Table I, where the statistical 

8. Hanson, R. J., M .  S. Thesis, University of Illi- 

9. WeIch, H., and  Hunter, H. C., Am. J .  Pub.  
nois, Chicago, 1949. 

Health, 1940, v30, 129. 
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TABLE I. Effect of Rureomycin on Phagocytosis. 

Total KO. 

iii 4 separate phagocv- 

7‘uht~ aureom-yrin ,r------, Avg % of 400 cells f \ 

S O .  (ugh I 1 I! 3 4 pltagoeytosis counted Xn* -- p -kp 

% phagocytosis of cells 

Conc. of s li (1 e s tizing of Statistical anal p i s  

1000 
1.0 0 
1 0  
5 
1 
0.1 
0.01 
0.001 
0.0001 
0.0 0 0 0 1 
0.0 

1 0 6 8 8  
22 23 23 24 
30 33 31  33 
30 30 36 34 
35 35 41 38 
45 43 4.5 43 
49 43 4 i  44 
43 46 5’’ 50 
46  53 48 50 
48 47 52  5 2  
55 54 52 52 

8 
23 
32.2 
32.5 
37.2 
44 
45.7 
48.2 
49.2 
49. i  
53.2 

32 
92 

129 
130 
149 
176 
183 
193 
197 
199 
213 

1 9  0. ti2 
85.84 
35.18 
34.31. 
20.02 
6.48 
4.24 
1.80 
1.05 
0.84 

< . O l  
<.01 
<.0l  
<.0l 
<.01 
<.02 > . O l  
<.05 >.02 
c . 2 0  >. lo  
<.50 >.30 
<.so >.30 

+ The chi  square (Xz) values were calculated by the 4-fold table method, as described in 
“Statistical Methods,’ by G. W. Snerlccor. The Iowa State College Press, Ames, Iowa (4th 
edition), page 199. The probability number (P) was calculated from a table given in the same 
book o n  page 190. Only vadues of P less than 0.05 are hrre considered t o  indjeate a statistically 
significant difference. 

analysis of the difference between the number 
of leucocytes showing phagocytosis in the 
control tubes and the number in each of the 
tubes containing aureomycin is also given. 
I t  can be readily seen frolm this table that 
aureomycin had a pronounced inhibitory ef- 
fect on phagocytosis. The percentage of 
phagocytosis in the tubes containing 1000 pg 
of aureomycin per ml was 8, while the c m -  
trol tubes containing no antibiotic gave an 
average of 53.2%. This inhibition was less 
pronounced, but still statistically significant, 
as the aureomycin concentration was de- 
creased to 0.01 pg/ml (Xz = 4.24, and 
P < .05 > .02). This inhibitory effect of 
aureomycin was gradually decreased as the 
concentration of (the drug was reduced, but 
even in the lowest concentration used (.OOOOl 
1J.g) ml) the percent of phagocytosis was less 
than in the control. These differences in the 
higher dilutions, however, are not statistically 
significant (Table I).  The decrease in phago- 
cytosis was marked in concentrations of aureo- 
mycin that are commonly found as thera- 
peutic blood levels in human patients (1 to 
10 vglml), and even below. 

The results of this work in- 
dicate that aureomycin in concentrations of 
1000 pg,‘ml inhibited phagocytosis almost 
completely. This inhi’bition was also marked 
a t  concentrations below this level and at 

Discussion. 

concentrations which are generally found as 
therlaputic blood levels in human patients 
(4,lO-12). Phagocytosis was still inhibited 
to a significant degree when aureomycin was 
diluted to 0.01 pg/ml, which is far below the 
therapeutic blood levels which are generally 
recommended. Apparently the lowest con- 
centration reported chically is 0.1 5 p g / d  
(4) ,  and 20 pg/ml serum or higher are often 
obtained (4 , l l )  . Since there are many patho- 
genic organisms which are resistant to this 
antibiotic( 13),  the results reported here sug- 
gest the possibility that in those cases where 
the infections are due to aureornycin-resis- 
tant organisms the use of this drug may 
actually be harmful since aureomycin ap- 
pears to interfere with phagocytosis. 

Summary. Phagocytosis of M~CYOCOGGUS 
pyogenes var. albus cells by polymorphonu- 
clear leucocytes was markedly inhibited by 
aureomycin in a concentration of 1000 g / m l  
in vitro. This inhibition, although less pro- 

10. Herrell, w. E., and Heilman, F. R., (with 
technical assistance of F. Saiki), Proc. .Stu,f7 Meet., 
Mayo Clin., 1949, v24, 157. 

11. Finland, F., Collins, H. S., Gocke, T. M., and 
Wells, E. B., Ann. Int. Med., 1949, v31, 39. 

12. Lepper, M. H., Dowling, H. F., Brkkhouse, 
R. L., and Caldwell, E. R., Jr., J .  Lab. and Clin- 
&fed., 1949, v34, 366. 

13. Long, P. H., Peniz. M .  J. ,  1950, v53, 209. 
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nounced, was still significant in concentra- 
tions of the antibiotic which were consider- 
ably lower than the therapeutic blood levels 

OF POLIOMYELITIS VIRUSES 

ordinarily employed in clinical practice. 
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Cytopathogenic Effect of Poliomyelitis Viruses In  vitro on Human 
Embryonic Tissues.* (18202) 

FREDERICK C. ROBRINS, JOHX F. ENDERS AND THOMAS H. WELLER. 
F r o m  the Research DizliAion of Inlectioirh Diseases, The Children's Medical Center, the Depart 

iiierzts of Pedintricy aizd Hacler in log j l  r ! ; t r f  Ininizinology, H a w a r d  Medical  School and the 
Departiiirizt o j  Tropical Pirblic Heal th ,  Hurvard School of P u b k  Hc'aEth, Boston, i2luss. 

11-e have previously described the cul t im- 
tion oi the Lansing and Rrunhilde strains of 
poliomyeliiis virus in  suspended cell cultures 
of human non-nervous and nervous tissue 
(1 .2) .  It was also noted that degenerative 
changes occurred in cells from cultures in- 
oculakxi wiGh the Lansing virus ( 1 ) that were 
more extensive than in tissues from unin- 
oc:ilated cul:ures. This phenomenon has been 
more extensively investigated. The most sig- 
nificant observations will be here summarized ; 
a inore detailed account will he published 
later. 

Haterials and methods.  Suspended cell 
cultures. The procedures have been previously 
described( 1,3). As routine 50 units of peni- 
cillin and 50 pg of streptomycin per cc have 
been included in the medium. Plasma hang- 
ing drop cultures. Fragments of tissue from 
suspended cell cultures were explanted in 
plasma hanging drop cultures. The medium 
in which each fragment was embedded con- 
sisted of 2 drops of heparinized fowl plasma, 
one drop of chick embryo extract and one 
drop of beef embryo extract. Usually 8 cul- 
tures were prepared in a petri dish(4). This 
method permits the study of large numbers 
of fragments with economy of time and effort. 

*Aided by a grant from the Kational Foundation 

1. Enders, J .  F., Weller, T. H., and Robbins, F. C., 

2 .  Weller. T. H., Robbins. F. C., and Enders, J. F., 

3.  Kcller ,  T. H.. and Enders, J. F., PROC. SOC. 

4. Enders, J. F., and Florman, A. L., PROC. SOC. 
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Roller tube cultures. The general method has 
been presented in detail(5). The medium 
used in these experiments consisted of 9 parts 
of the Hanks-Simms solution adopted as 
routine for the suspended cell cultures (1:3) 
and 1 part of beef embryo extract. Two cc 
of this rnixture was employed in each culture. 
pH deterwzinatiom. The pH of suspended cell 
cultures was determined colorirnetrically by 
direct comparison of each culture with a set 
of standard buffer solutions. The latter were 
prepared in 2 5  cc Erlenmeyer flasks each 
containing 3 cc of solution and the same 
concentration of phenol red as the Hanks- 
Simms solution used as culture medium. 
Sections of tissue fragments from suspended 
cell cultures. At the end of an experiment, 
Zenker's solution without acetic acid was 
added to the fragments in each flask. After 
fixation the fragments from one set of cuI- 
tures were combined, embedded and stained 
with hematoxylin and emin. Viruses. The 
Lansing and Brunhilde strains of poliomy- 
elitis virus have been used ( 1'2). Antisera. 
Specific monkey antiserum for the Brun- 
hilde strain was obtained through the cour- 
tesy of Dr. Jonas Salk. Lansing immune 
serum was prepared in this labosatory by re- 
psated intramuscular injection of a monkey 
with infected monkey cord. This serum di- 
luted 1 : 1000 completely protected mice 
against 1-3 LD50 of virus, but failed to pro- 
tect in a dilution of 1:SOOO. 

Expe&enta&. Changes in cell morphology 

5. Feller, A. E., Enders, J. F., and Weller, T. H., 
J .  Exp .  Med., 1940, v72, 367. 


