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Therapeutic Effect of Aureomycin in Pernicious Anemia.* (18078) 

H. LICHTMAN, V. GINSBERG, AND J. WATSON. (Introduced by T. H. Jukes.) 
From the Department of Medicine, R i n g s  ( 'o i tnty Hmpi tn l ,  Brooklyn, N.P. 

One of the earliest theories of the patho- 
genesis of -4ddisonian pernicious anemia was 
that of Hunlter(1). H e  postulated as a pri- 
mary factor the presence of  a toxin derived 
chiefly from the flora of the gastrointestinal 
tract and occurring in individuals constitution- 
ally predisposed. .After the demonstration of 
the beneficial effects of liver orally( 2 ) ,  liver 
extract parenterally ( 3 ) ,  and the publication 
of Castle's work on the extrinsic and intrinsic 
factors ( 4 ) ,  the maturation arrest hypothesis 
was accepted almost universally. Dock ( 5 )  
challenged this point of yiew and reviewed 
the evidence for a hemol<ytic pathogenetic 
mechanism. Dobriner and Barker ( 6 )  showed 
that the bilirubin and porphyrin changes of 
pernicious anemia responding to liver were 
identical with those of hemolytic anemia after 
splenlectomy, thus reviving the hemolytic 
theory of pernicious anemia. JYhether or not 
,the bacterial flora in the gastrointestinal tract 
is in any way implicated in the  pathogenesis 
of pernicious anemia might be indicated by 
the effect of powerful antibiotics given orally 
to these cases. 

I t  was,reported by Stokstad and Jukes(6a) 
that aureomycin ~vould produce a growth 
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response in chicks on diets deficient in vitamin 
BIZ. They suggested that aureomycin might 
suppress the E .  coli population and permit. 
the growth of other organisms which syn- 
thesize more vitamin B I Z .  

Materials and methods.  We h\ave used 
aureomycint in 5 cases of -4ddisonian per- 
nicious anemia in relapse and in one case of 
nutritional macrocytic anemia. Ages ranged 
from 55 to 76 years. All marrows were 
megaloblastic. Complete blood counts and 
hematocrits were done 3 times a week, the 
red blood cell counts being done in duplicate. 
Reticulocyte counts were performed daily. 
The therapy of each patient will b'e presented 
in detail below. 

Results. The data are recorded in Table I. 
Tn those patienits who were Itransfused before 
onset of therapy. the initial red blood cell 
counts recorded are those after tranasfusion. 
The first patient (Case NQ. 1) with Addison- 
ian pernicious anemia was treated with 2 g 
of aureomycin and 2 g of streptomycin orally 
each day for 32 days (Fig. 1) .  This resulted 
in a delayed reticulocyte peak of 9.6% with 
a slow concomitant rise in blood values. Bac- 
lteriological studies of the stools revealed a 
gradual decrease in all bacterilal growth until 
the end of the second week of therapy when 
unidentified yeasts were found in great nnm- 
bers with almost complet'e absence of other 
organisms. The yeasts persisted until the 
25th day  when they were replaced by almost 
a pure culture of Pseudomonas aerogenosa. 
I n  this experiment a good clinical response 
and a definite, though submaximal, hemato- 
logical response was elicited in a patient with 
,\ddisonian pernicious anemia by Ithe use of 
oral antibiotics alone. The  traces of vitamin 

t Tlie xureomyrin used in each of the cases 
except the first was rupplied t o  us by Lederle 
T.;ll)ciratorips Dirision, American Cyanamid Corn- 
pan?,  Prilrl River, S.Y. Their microbiological 
xssay ( J f  th i s  lot. revealed the pre8ence of 0.17 pg 
iif vitamin BIZ per grain of aureomycin. 

- - _- ---__ - - - . . 
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TABLE 1. - 
Case No. I 2 3 4 5 

P a y  of Retic. RBC Retic. RBC Retic. RBC Retic. RBC Retic. RBC 
R, YQ mil./cmm. % mil./cmm. % mil./cmm. % mil./cmm. % mil./cmm. 

0 0.4 2.10 1.8 2.71 1.7 1.54 1.5 1.60 1.0 1.68 
4 0.2 3.9 2.68 1.5 1.37 6.5 1.70 3.3 1.71 
8 0.8 2.89 4.2 2.72 0.9 1.33 1.2 1.73 6.9 2.01 

1 2  1.4 2.8 2.91 1.4 1.24 1.7 1.69 4.7 1.83 
16 1.6 2.66 1.9 2.90 2.1 1.18 3.3 1.82 2.3 2.30 
20 5 2  2.3 2.81 3.6 1.58 3.6 1.68 1.7 2.42 
24 9.6 2.82 3.6 3.01 5.8 1.29 5.2 2 s o  1.3 2.47 
28 6.2 4.6 3.32 12.2 1.81 4.8 2.18 2.2 2.51 
32 2.8 3.21 4.6 3.09 4.8 2.29 1.2 2.56 1.2 2.66 
36 3.1 3.05 3.6 2.64 3.9 2.28 1.2 3.06 
40 4.3 3.32 2.0 2.83 2.4 2.40 
44 0.9 3.01 3.1 2.64 

1.1 3.20 2.5 3.05 48 

\ c  - l c  I? -7 f 
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Hematological results of aureomyein given t o  Cases 1, 2, 3, 4 who had Addisonian pernicious anemia, 

No. 1-2 g aureomycin and  2 g streptomyciii 0-33nd day. 
KO. 2-3 g aureomycin 0-40th day. 
No. 3-(a) 3 y R,, 0-48th day. 

No. 4-(a) 2 g aureomycin 0-28th day. 

and t o  Caw 5,  who had nutritional macrocytic anemia. Therapy was given orally daily as follows: 

( 1 ) )  3 g aureomycin l l -48 th  day. 

(lo) Meat-free diet 0-12th day. 
( c )  200 g meat daily 13-28th day. 

( h )  3 3.' R,, 13-36th day. 
No. .'-(a> Meat-free diet and 2 g aureomycin 0-36tIi day. 

BIZ that may have contaminated the aureo- 
mycin and streptomycin used here could not 
possibly have been solely responsible for the 
therapeutic effeot. It has been repeatedly 
demonstrated that vitamin1 B I Z  is ineffective 
orally (7-9) in pernicious anemia except in 
extremely large \amounlts or with normal gas- 
tric juice. 

A second patient was given 3 g of aureomy- 
cin daily for 40 days, during which time the 
heniatocrit (rose from 33% to 4376, with a 
slower increase of red blood cells. There was 
an irregular reticulocytosis of 24% from the 
5th day of therapy throughout the entire 
course. This is not ithe conlventionlal re- 
sponse and therefore cannrot be interpretred. 
Clinical improvement was very satisfactory 
and was characterized by better appetite anld 
l'oss of fatiguability. 

- __ - __ __ ._ -. - ___ __ . . . - - - - - - - - - - 

7. Spies, T. D., Suarez, R. IS., Lopez, G. G., 
Milancs, F., Stone, R. E., Toea, R. I,., Arambura, 
T., and Rartus,  S., J .  A .  .If. A . ,  1949, r139, ,521. 

8. Berlr, L., Castle, W. B., Welch, A. I)., Hrinlc, 
R. W., Anker, R., arid E p t e i n ,  M., Srzr9 Brz,gcrlnnd 
J .  Xed. ,  1948, ~ 2 3 9 ,  911. 

9. lTnpuhlislid ( ] : i t 3  of the authurs .  

In1 ithie first 2 cases the beneficial effects of 
the anrtibijotics resulted without thfe addition 
of vitamin B12 to thiat present in the no rm1  
hospital diet. I t  seemed possible that aureo- 
mycin might be active hematopoietically 
through its ability to augment utilization or 
absorption of vitamin BIZ. I n  Case No. 3 
(Fig. 2 )  thlerefore, viitamin B12 was admin- 
istered orally in( a dosage of 3 pg a day. 
During the first 10 day period 'this was ink 
effective, but, with the subsequenit addition 
of aureomycin, there was a clinical and 
hiematological 'response of a greater magni- 
tude ithan in the preceding cases receiving 
alnt i biotics alone . 

I t  was thought that the effect of extrinsic 
factor in1 the form of meat might be enlhanced 
by aurleomycin in a mannier similalr to lthiatt 
of extrinsic factor in the fol-m of vibamin B I 2  
in the previous experiment. Case No. 4 was 
given a diet frele of meat, eggs, fish and chsese, 
plus 2 g #of aureomycin orally each diay. Dur- 
ing the first 12 days there was no response. 
On the 13th day a daily dietary supplement 
of 200 g of lean meat was started The  red 
blood cells began to rise slowly but steadily 
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FIG. 
Hematological response of Case Xo. 

antibiotics alonr. 

1. 
1 (Addisonian pernicious anemia) t o  

to a value of 3.62 mil per cmm on the 61st 
day of thle experiment. There was an irregu- 
lar, non-specific type of reticulocytosis which 
could not be interpreted in relation to therapy. 
The  rise in blood values was associated with 
an excellent clinical response and a coniversion 
of the bone marrow to a normoblastic type. 
Since it is well known that a patient with 
Addisonian pernicious anemia will not re- 
spond to administration of meat alone, it was 
thought that the response here was brought 
about by the aureomycin. 

A study similar to Case KO. 4 was per- 
formed on a patient (Case KO. 5 )  who had 
nutritional macrocytic anemia with free HC1 
in the gastric juice. This patient was given 
a diet free of meat, fish, eggs, and cheese, and 
2 g of aureomycin orally each day. During 
the first 13 days on aureomycin wisth no 
extrinsic factor available to the patient thew 
was am irregular reticulocytosis and a rise in 
blood eltemenlts along with some clinical im- 
provement. The addition of oral viltamin 
BIZ for a second period of 18 days seemed 

to cause no definite secondary response. Thce 
later successive parenteral administration of 
vitamin BIZ anid pteroylglutamic acid (PGA) 
did not produce another rise in reticulolcytes 
or fwther rise in red blood cell values. 

In  all 5 cases the marrow was found to 
have become normobllastic upon completion 
of aureomyciai therapy. Clinical response was 
slower than thait observeid in patients respond- 
ing to parenteral vitamin BIZ or liver extract, 
but was satisfactory. No exiacerbations of 
nleurological symptoms were observed. It 
is interesting that 3 of the 5 cases exhibiited 
an irregular reticulocytosis while on aureomy- 
cin. The reason for this is obscure. 

Finally, a 6th patient, with Addisonian 
perniicious anemia, was (treated with initra- 
venous aureomycin in order to determine 
whether the route of adminisbr'ation might be 
a factor. The initial red blood cell count 
was 1.68 mil per cmm. The patient was 
given 600 mg of aureornycin intravenously 
each day €or 20 days, without any clinical or 
hematological response whatsoever. The re- 
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Hematological response of Case No. 3 (Addisonian pernicioue anemia) to 
vitamin BIZ orally only after addition of aureomycin. 

ticulocytes never rose above 2.0%. The 
lack of response was nat unexpected because 
it was thought thak the probable site of 
action of aureomycin was in the intestine, 
and presumably intravenous adminiistratim 
would not give as h'igh a concentration in the 
inltestin'e $as oral administratioal. However, 
further experiments are necessary before def- 
inite conclusions can be reached. 

Discussion. Alsthough potent therapeutic 
agents-vitamin BIZ, PGA, and liver extract 
-are available for the treatment of pernicious 
anemia and other related negaloblasltic 
anemias, the pathogenesis of these disorders 
has not been completely elucidated beause 
the spontaneous mnissim is unexplained by 
currenlt thmries. If the development of #the 
state of pernicious anemia dlepends simply 
upon a failure to absorb viltamin BIZ due to 
achylia gastrioa, who do so many people with 
achylia remain immune? The baoterial flora 
theory had many adherents before the dis- 
covery of the beneficial effects of liver. 
Moensch(l0) studied the fecal flora in 33 

cases of pernicious anlemila and reviewed the 
pertinent literature. Their results coincided 
with the finding of others, that there was an 
unusually large number of viable organisms 
in )the stools of these cases. Particularly nu- 
merous were E .  coli and CZ. welchii. Cameiron 
et aZ.( 11) demonstrated the production of a 
macrocytic znernia in raids by the formation 
of a blind loop in the small htestine. The 
manner of the devel~pment of the anemia in 
thseir animals suggested to them "that the 
decisive event may be a change in the flora 
#of the loop a d ,  possibly, in the remainder 
of the small intestine. This may lead to the 
loss of an organism which synthlesizes hemo- 
puietic material, or Ithe preponderance of an 
arganism which uses up hemopoietic material, 
or the presence of am organism which produces 
anl antagonist to hmopiesis." The anemia 

10. Moensch, M. L., Kahn, M. C., and Torrey, 

11. Cameron, D. G., Watson, G. M., and Witts, 
J. C., J .  Infect. Dis., 1925, v37, 161. 

L. J., Blood, 1949, v4, 803. 
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in these rats responlded to liver extract a d  
PGA. Enfortunlately we have not had an 
opportunity to study the effect of aureomycin 
in patients with megaloblastic anemia due 
to intestinal disease. 

The mechanism of acltion of the aureomycin 
in our cases remains to be determined. -4 few 
of the many possibilities are: 1. The sterili- 
zation of the gastrointestinal flora by aureo- 
mycin may remove a hemolytic toxin. 2 .  The 
lowering of the bacterial population in the 
gastrointestinal tract may increase the amount 
of dietary vitamin B I Z  available for the pa- 
tient. Recent work( 1 2 )  has demonstrated 
that E. roli has a marked affinity for vitamin 

ar,d can remove it from 3olution in vitro. 
3. The lowering of the bacterial flora count 
by aureomycin may permit the growth of 
ather microorganisms, for example, yeasts, 
which in turn may produce PG-4 or other 
hematopoietically active substances utilizable 
by  the patient. In  the only case (Case S o .  1)  
in which studies of the bacterial flora were 
done we found a great increase in Ithe presence 
of yeasts. Dearing and Heilman(l3) noted 
a similar increase in yeasts in the stools of 
the majority of their patients after the use of 
aureomycin for short periods of time. Smith 
and Robinson ( 14) reported thlat large doses 

12. l>: iviq,  1;. I)., ;ind JIingioli, F:. S., J .  Rrict., 

1 3 .  Lk;iring, JV. H., :ind IIeilnian, F. R., Proc. 
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of sltreptomycin administered to mice greatly 
reduced the coliform organisms with a con- 
comibalnt rise in Bacillus megatherium which 
has been1 reported by McCiinnis and co-work- 
ers ( 15)  to produce large quantities of vitamin 
BIZ. 4. Aureomycin may have a. specific 
hematopietic actionl not dependent upon its 
antibiotic activity. This seems unlikely, es- 
pecially in view of the llack of response to 
aureomycin given intravenously in our last 
case. ,411 other agents effective in the treat- 
ment of perniicious anemia hiave been1 much 
mlore effective when given parenlterlally than 
whlen given orally. 

Conclusions. Four patients wi,th Addison- 
ian pernicious anemia in relapse and one pa- 
tient with nutritional macrocytic aniemiia were 
treated with aureomycin given orally, with 
definlite although submaximal hematological 
improvement. -4 fifth patienit with Addison- 
ian pernicious anemia was treated with aureo- 
mycin given intravenously with no response. 
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