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The Possible Relationship Between Absorption of B. Welchii Toxin 
and Pernicious Anemia. * 

MORTON C. KAHN AND JOHN C.  TORREY. 

From the Department of Hygiene, Cornell University Medical College 
New Pork City .  

The experiments reported here are in continuation of our investi- 
gation of the possible reilationship between the absorption of B. 
welchii toxin from the intestine, and the condition of pernicious 
anemia. In a previous communication’ there was described a severe 
type of anemia produced in monkeys by the intravenous inoculation 
of small doses of potent B. welchii toxin. I n  all the animals, how- 
ever, after 3 weeks treatment, an immunity became apparent which 
was not broken down even by a greatly increased dosage, although 
abnormalities of erythrocytes and a leucopenia persisted for some 
time. 

It was next attempted by the continued inoculation of dosages of 
B. welchii toxin just k l o w  the limit of toleration, to cause such 
serious injury to the hematopoietic system as  might prove irrepara- 
ble, and to induce a progressive degenerative condition resembling 
that of pernicious anemia. The method of toxin preparation was 
essentially as described heretofore, except that somewhat larger 
pieces of fresh sterile pigeon muscle were added to the casein digest 
broth. Employing our pernicious anemia B. welchii strain, “Navi- 
td”, sterile toxins were obtained which were lethal for pigeons with- 
in 24 hours after intramuscular inoculation of 0.5 cc. Two young 
ring-tail monkeys (Cebus capucinus) were given a long series of in- 
travenous toxin inoculations in dosage sufficient to keep the animals 
in a condition of more or less severe anemia for 9 to 10 weeks, in 
contrast with the 3 or 4 weeks period of the previous experiment. 
After about 10 weeks, however, in spite of greatly increased dos- 
age, it was not possible to check the tendency of reversion toward 
normal, and we became convinced that intravenous inoculations of 
B. welchii toxin would not damage the hematopoietic tissues to such 
a degree that the condition was irreversible. 

I t  was then decided to determine the effect following the introduc- 
tion of the toxin through the more or less inflamed or injured gas- 
tro-intestinal mucous membrane. For, if the absorption of B. welchii 

* This investigation has been aided by a fund contributed by Mrs. W. K. 
Vanderbilt. 
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toxin is the factor of primary importance in the etiology of perni- 
cious anemia, it probably gains entrance to the vascular system from 
this locality.* Experiments conducted some time previously had 
indicated that this toxin introduced into normal intestines of mon- 
keys was not absorbed therefrom, at least not to a degree sufficient 
to cause pronounced changes in the blood. 

About this time the work of Leake and Ritchie3 came to our at- 
tention. They found that the repeated treatment of the stomach of 
atropinized dogs with 5 per cent sodium fluoride would give rise in 
time to a condition of atrophic gastritis, with a subsequent complete 
achlorhydria and pronounced anemia. Their methods, kindly sup- 
plied by Dr. Leake, were applied to monkeys in a modified form. 
with the purpose of increasing the absorption of B. welchii toxin 
from the gastro-intestinal tract. ,4t weekly intervals 3 monkeys : M, 
0 and P, 1/2 hour after an intramuscular injection of ?h mg. of atro- 
pin, were fed 8 cc. of 1 to a 3 per cent aqueous solution of sodium 
fluoride through a stomach tube. A 5 per cent strength, tried at 
first, proved fatal to the animal. The fluoride was allowed to remain 
in contact for 7 minutes, during which time the animal was rolled 
about to insure contact with all surfaces of the stomach. Then 15 cc. 
of a 1 per cent aqueous solution of calcium carbonate was introduced 
through the tube, to precipitate the fluoride and finally, as much as 
possible of the stomach content was aspirated. Complete emptying 
generally resulted. In addition, 2 days following the fluoride treat- 
ment, monkeys M and 0 were fed weekly by stomach tube, 20 cc. of 
a whole fluid culture of B. Zetelclzii (Navitol strain) prepared as de- 
scribed heretofore. Monkey P served as a control for the fluoride 
alone. 

It was found that 3 per cent sodium fluoride was a b u t  the maxi- 
mal strength which could be used safely, and after one or two treat- 
ments the dosage was reduced to 1 per cent. The fluoride caused a n  
acute catarrhal inflammation of the gastric mucosa, which tended 
to subside in 24 to 48 hours. The pathological changes following 
long continued treatment are described later and the details of the 
treatment and its effects on the blood are reported in Table 11. 

As indicated, the 2 monkeys treated with the fluoride, and also the 
toxin died, 1 of them (0) after 60 days and the other, ( M )  after 
103 days, \both of them showing an extreme degree of anemia. The 
control (P), however, was alive and in good condition after 115 
days when it was chloroformed, 39 days after the fluoride treat- 
ments had been stopped. The control showed a loss of weight of 
8.7 per cent (996 to 875 grams) as contrasted 23.3 per cent (1356 
to 1040 grams) for monkey M. About 8 weeks after the start of 



T
A

B
L

E
 1
1.
 

E
ff

ec
t 

of
 A

bs
or

pt
io

n 
of

 B
. w

el
ch

ii 
To
xi
n 

fr
om

 t
he

 G
as

tr
o-

in
te

st
in

al
 T

ra
ct

 o
n 

th
e 

B
lo

od
 o

f 
M

on
ke

ys
. 

M
 a

nd
 0

, 
To
xi
n 

tr
ea

te
d.

 
P

, 
C

on
tr

ol
. 

E
ry

th
ro

cy
te

 
C

,o
nn

t i
n

 
M

ill
io

ns
 

L
eu

co
cy

te
 C

ou
nt

 
in

 T
ho

us
an

ds
 

P
 oi

ki
lo

 cy
t o

si
a 

C
ol

or
 I

nd
ex

 
Q

uc
le

at
ed

 R
ed

 C
el

ls
 

pe
r 

10
0 

le
uc

oc
yt

es
 

H
em

og
lo

bi
n 

P
er

 C
en

t 
D

at
eE

 
O

f 
bl

oo
d 

ex
am

 
P

 

4.
99

 
-
 

2.
96

 
3.

90
 

3.
76

 
3.

96
 

3.
09

 
4.

07
 

3.
52

 
3.

05
 

2.
43

 

3.
00

 
2.

78
 

d
 

2.
95

 
2.

04
 

3.
16

 

M
 

P
 

P
 

0.
97

 
_

_
_

 

1.
2 

0.
94

 
1.

0 
0.

97
 

1.
0 

0.
93

 
0.

88
 

1.
2 

1.
3 

1.
2 

1
.1

 

1.
0 

1.
7 

1.
0 

P
 

P
 

-
~

 -
 + -t
 

--
 

--
 

-
4

 + + ++
 

+ --
 

--
 

c f
-
 

+-
 

M
 

.
.

 
0

 

4.
94

 

2.
36

 
2.

68
 

2.
78

 
2.

73
 

1.
65

 
1.

86
 

2.
73

 
1.

97
 

D
ie

d 
6/

10
 

-
 

-
 

-
 

-
 

-
 

-
 

M
 

0
 0 

-_
_

 0 0 0 0 1 0 0 0 0 

P
 

0 
--
 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0
 

M
 

0
 

0.
93

 
__

- 
-
 

1.
5 

1.
3 

1.
2 

1.
2 

1.
7 

1.
3 

1.
0 

1.
3 -
 

M
 

M
 

0
 

M
I

 
0
 

-
 I

---- 1 
++

 +
+ 

++
 t
+
+
 

+
+

 
+

'+
 

+ 
++

 
-t

 
i+

+ 
++

 It
++
 

+ 
It
++
 

+I
 I 

$
+
>
ti 

i 

0
 

8.
6 

9.
0 

9.
6 

10
.0

 
8.

0 
5.

6 
8.

2 
10

.0
 

8.
8 -
 - - 

N
or

- 
m

al
 

4/
1 

4/
2 

0 
4/

26
 

5/
3 

5/
10

 
5/

17
 

5/
24

 
6/

2 
6/

9 
6/

16
 

6/
23

 
6/

30
 

7/
8 

7/
14

 
7/

21
 

4.
61

 

2.
36

 
2.

75
 

2.
93

 
2.

39
 

2.
00

 
1.

61
 

3.
17

 
2.

45
 

1.
51

 

1.
29

 
0.

91
 

D
ie

d 
7/

2 -
 

A
 

89
 

68
 

63
 

67
 

65
 

55
 

53
 

70
 

59
 

33
 

35
 

10
 

92
 

67
 

70
 

69
 

64
 

55
 

50
 

55
 

53
 

0.
96

 

1.
5 

1
.1

 
1.

1 
1.

4 
1.

3 
1.

6 
1.

0 
1.

2 
1
.1

 

1.
0 

0.
55
 

7.
4 

11
.2

 
9.

0 
9.

2 
10

.8
 

8.
2 

9.
2 7.
0 

8.
2 

8.
0 7.
8 

6.
2 

6.
4 

8.
8 

6.
2 

-
 

-
-
 

--
 

- -
- + + 4-

 -t- --
 

-
-
 

++
 

4- 

0 0 0 0 1 0 0 0 0
 

6 1 4 

10
.0

 

11
.0

 
5.

2 
9.

6 
8.

8 

7.
2 

8.
0 

5.
6 

4.
6 

3.
2 

3.
2 

5.
8 

96
 

7
1

 
74

 
78

 
76

 
67

 
75

 
62

 
72

 
65

 

70
 

62
 

62
 

70
 

65
 

B
. 

w
el

ch
ii 

to
xi

n 
tr

ea
tm

en
ts

 : 
M

, 
to

ta
l 

13
, 

A
pr

il
 1

 to
 J

un
e 

24
, 

19
26

. 
0
, t

ot
al

 8
, A

pr
il

 2
0 

to
 J

un
e 

4,
 1

92
6.

 
P

, 
co

nt
ro

l, 
no

 B
. w

el
ch

ii 
to

xi
n.

 

So
di

um
 f

lu
or

id
e 

tr
ea

tm
en

ts
 : 

M
, 

to
ta

l 
9,

 M
ar

ch
 3

1
 to

 J
un

e 
12

, 
19

26
. 

0
, t

ot
al

 8
, A

pr
il

 6
 t

o 
Ju

ne
 9

, 
19

26
. 

P
, 

to
ta

l 
11

, A
pr

il
 5

 t
o 

Ju
ne

 1
4,

 1
92

6.
 



B. WELCHII TOXIN AND PERNICIOUS ANEMIA 417 

the treatments, the reaction of the gastric contents 3 hours after a 
meal was taken. All 3 monkeys showed a H-ion reading of about 
5.0, as contrasted with 4.6 for 2 untreated monkeys on the same 
diet. Thus at this state, at  )least, the fluoride had not caused any 
notable decrease in gastric acidity. 

The blood examination data in Table XI presents very definite 
evidence for the absorption of B. welchii toxin. This is indicated 
not alone by the lower erythrocyte count, the Hb per cent and higher 
color index for M and 0 than for P,  but also in the much more 
marked degree of anisocytosis, and at times, of poikilocytosis in the 
2 former animals at  nearly every examination. Particularly strik- 
ing are the differences revealed a t  the May 24th examination, when 
the blood condition of the control P was nearly normal, whereas M 
and 0 both showed severe anemia. 

It is of interest, too, that an immunity did not develop when the 
toxin was administered under these conditions. Monkey 0 died 
about 8 hours after a treatment with 3 per cent sodium fluoride, but 
M died 20 days after the fluoride, but not the toxin treatments, had 
been stopped. This finding may be contrasted with the immunity 
regularly developing during intravenous inoculations. Whether or 
not this difference was due solely to the fluoride factor has not as 
yet been determined. 

Monkey M, about 2 weeks before death, passed into a profound 
state of anemia, showing an erythrocyte count of 1,510,000 hemo- 
globin 33, and a marked leucopenia. 

At necropsy all the organs of M showed an extreme degree of 
anemia but no marked lesions. The spleen and retroperitoneal 
lymph nodes were not enlarged. The bones were dead white and 
brittle, and the marrows softer and lighter red than is normal for 
these monkeys. On the other hand, the organs of P were only 
moderately anemic, and the bone marrows were a much darker red 
than in the case of M. 

The microscopical findings, as reported 'by Dr. James Ewing, 
proved of particular interest. The stomach of the control P mon- 
key revealed evidence of a mild catarrhal gastritis with considerable 
lymphocyte infiltration of the mucosa, but the glands and acid cells 
stained well and appeared normal. In contrast the stomach of 11.1 
exhibited a very severe catarrhal gastritis, desquamation of the acid 
cells, and well marked lymphocyte infiltrations of the submucosa. 
No glands with intact secreting cells were noted. The greater inter- 
est, however, pertains to the microscopical differences in the mar- 
rows. Comparing the femur marrows of the 3 monkeys the findings 
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were as follows : That of control P was normal in appearance, ,being 
solidly packed with normal marrow cells in normal relations. That 
of 0 appeared very cellular and congested, mostly large and small 
lymphocytes, islands of nomoblasts missing but a good many nu- 
cleated hemoglobin-holding cells which are much larger than usual ; 
no evidence of blood destruction. The marrow of M, the monkey 
which had received 5 more toxin feedings than 0, appeared very 
cellular. The rather numerous fat cells are undergoing mucinous 
degeneration and their envelopes are often broken. There is a mod- 
erate deposit of recent blood pigment in the macrophages. NO 
islands of nucleated reds are seen, but there are many scattered nu- 
cleated reds, staining poorly, The impression is gained of a severe 
toxic degeneration of the marrow tissue affecting fat cells and ery- 
throcytes, both with and without nuclei. Unfortunately for the pur- 
poses of this comparison the control P was not killed until 5% 
weeks following the last sodium fluoride treatment. The blood 
condition, however, ha6 remained much the same and it is not be- 
lieved that the marrow findings would have k e n  materially different 
at an  earlier examination. 

These tissue findings, as well as those for the lblood, present defi- 
nite evidence of the absorption of B. welchii ioxin through the 
sodium fluoride injured gastro-intestinal mucosa, with resulting 
pathological changes in the blood and tissues markedly over and 
above that caused by fluoride alone. The failure of these animals 
to develop a resistance to  the toxin, as has invariably followed in- 
travenous inoculation, may have been due to the depressing influence 
of the chemical, or possibly to the portal entry of the toxin. Fur- 
ther study is being given of this mode of treatment on antitoxin 
production. This is a complete report. 

1 Kahn, M. C., a.nd Torrey, J. C., PROC. Soc. EXP. BIOL. AND MED., 1925, xxiii, 

2 Moench, L. M., Kahn, M. C., and Torrey, J. C., J .  Infect. Dis., 1925, xxfi ,  
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