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Recent contributions to the study of hemoglobin regeneration in
secondary anemia have laid stress on the therapeutic value of natural
food products (1) (2). These reports have led to the indiscriminate
administration of glandular organs, notably liver, to patients who had
some form of secondary anemia.

The present investigation was undertaken in order to determine the
exact role of iron salts in hemoglobin formation in long-standing
experimental anemia, and to study the effect of feeding beef liver
on hematopoietic activity. The exhaustive and well-controlled ex-
periments of Whipple and his associates have advanced our knowledge
greatly. However, the use of a wide variety of food products and the
attempts to control the metabolism of pigment, and blood cell
stroma, have introduced an element of uncertainty with regard to the
quantitative effect of iron in bone marrow activity.

In experimental work of this type the factor of relative depletion
of the body iron reserve cannot be over-emphasized. An adequate
vitamin intake must be assured in order to maintain a healthy bone
marrow (3). In the matter of iron depletion, years of clinical ob-
servation have demonstrated that in prolonged hemorrhage, from
whatever cause, the administration of some form of iron is directly
beneficial, without necessarily having a specific stimulating effect upon
the bone marrow itself. Whipple and Robscheit-Robbins (2) have
stated that the feeding of liver had a well-marked effect upon hemo-
globin regeneration. In attempting to confirm this observation -it
seemed plausible to substitute for glandular organs an adequate
supply of vitamin in the diet, and to study the effect of adding and
withholding iron salts.
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The general plan of study followed the methods of Whipple and
Robscheit-Robbins, but several modifications will be described. Dogs
were fed the basal bread mixture (C) (4), substituting for the salt
mixture 500 cc. of whole milk to the daily ration. This insured the
presence of an adequate amount of vitamin B. Facilities were not
available to determine the iron content of the diet, but it was probably
quite low. Preliminary experiments were carried out by feeding the
original bread mixture of young rats previously deprived of vitamin
B. When the bread was fed, the resulting growth curves showed a
definite lag in the weights of the animals, as compared with the con-
trols. The addition of milk had a further advantage for the animals
consumed the bread mixture completely.

Plasma volume estimations were omitted, because the dogs were
bled at intervals of at least two days; this is considered ample time
for readjustment of the blood volume following moderate hemor-
rhage. The amount of blood withdrawn each time depended upon the
hemoglobin percentage found at the time of the previous bleeding.
After some experience, the size of the hemorrhage necessary to keep
the hemoglobin level at about 50 per cent could be estimated. The
amount of blood withdrawn varied from 30 cc. to 300 cc. The small
samples of blood taken between the larger bleedings were helpful in
determining the rate of hemoglobin regeneration and in deciding upon
extent of the succeeding hemorrhage. As the protocols show, the
larger hemorrhages were produced at fairly long intervals.

Hemoglobin determinations were made by the oxygen capacity
method of Van Slyke and Stadie, the value of 18.5 volumes per cent
being used as a standard, with 13. 8 grams of hemoglobin per 100 cc.
of blood. Red blood cell counts and reticulated cell counts were
made by standard methods when indicated. Blood was drawn under
oil from the femoral arteries, without exposing the vessel and without
stasis, dry potassium oxalate being used in just sufficient quantity to
prevent coagulation (0.2 per cent).

The periods of experimental feeding were usually ten days in dura-
tion when liver, thymus, and commercial nucleic acid were used.
An observation period of twenty days was usually allowed in which
to note the latent effect of the food upon hemoglobin regeneration.
Iron was administered usually in the form of ferric citrate in amounts
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of 0.8 gram daily, dissolved in water and mixed with the diet. This
amount was chosen in order to provide a definite excess of the mineral
without producing toxic symptoms. In two experiments ferrous
carbonate was used. In contrast to the method of feeding liver, the
administration of iron salts was continuous throughout the experi-
mental period.

The experiments were planned to show the effect on hemoglobin
regeneration of (1) adequate iron intake in combination with liver,
(2) liver feeding in the presence of iron depletion, and (3) the effect of
iron salts alone.

TABLE 1

Rate of hemoglobin regeneration when iron was added to the basal bread mixture

Hemoglobin regenerated

Dog Averag--_ __
number Days Added to diet weightgef Grams per

dog Total Grams kilogram of
grams per day animal

per day

kgm.

8 38 Ferric citrate 13.63 84.0 2.21 0.162
3 40 Ferric citrate 12.72 68.8 1.72 0.135

69 35 Ferric citrate 15.23 82.5 2.357 0.155
72 25 FeCO3-O.6 gram 15.05 47.0 1.88 0.121
4 47 Ferric citrate 12.8 101.0 2.149 0.175

70 37 Ferric citrate 14.4 81.9 2.213 0.153
9 26 Ferric citrate 11.8 48.0 1.843 0.156

RESULTS

Table 1 shows the results observed when ferric citrate was added
to the basal bread mixture. In these experiments the animals had
previously been bled over a long period of time while being fed the
basal diet, and relative iron depletion was present at the beginning
of the experiments.

Table 2 shows the effect of adding 400 grams of raw beef liver to
the diet each day for ten days. A period of twenty days was found
to be sufficient for the effect of liver feeding to manifest itself, and
this period was added to the feeding period (except in one case),
making the total time for the experiment thirty days.

When liver was fed, a relation was apparent between the available
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body iron (or relative iron depletion), and the rate of regeneration of
hemoglobin. Referring to table 1, it will be seen in the experiment
with dog 4, that when ferric citrate was used alone, the rate of re-
generation of hemoglobin was 2.149 grams per day. While ferric
citrate was being continued, the dog was fed 4,000 grams of raw beef
liver during a period of ten days, and hemoglobin was recovered at
the rate of 2.213 grams per day (table 2). No specific stimulation is
apparent. In the experiment with dog 69, (table 2), 400 grams of
liver per day were fed, beginning twelve days after the preliminary
bleedings had started. This allowed little time for the depletion of
the body iron reserve. When liver was added to the diet, the amount
of hemoglobin recovered was 2.533 grams per day, and in a later

TABLE 2

Rate of hemoglobin regeneration when raw beef liver was added to the diet

Hemoglobin regenerated

Av~eragef-_Dog Days Added to diet weight Grams per
number dog Total Grams kilogram of

grams per day animal
per day

kgm.

69 30 400 grams. 10 days 13.2 76.0 2.533 0.1919
4 30 400 grams. 10 days 13.0 66.4 2.213 0.1702
3 18 400 grams. 10 days 11.7 24.5 1.36 0.1152

70 30 400 grams. 10 days 14.4 48.3 1.61 0.1118
9 30 400 grams. 10 days 11.8 47.8 1.593 0.135

experiment with iron alone, 2.351 grams per day was recovered. In
the three experiments in table 2 in which relative iron depletion did
precede the administration of liver (dogs 3, 70, and 9), the resulting
regeneration of hemoglobin was somewhat greater than with the
basal diet mixture alone, but definitely less than when iron was
abundantly provided. In an animal given a series of rapid pre-
liminary bleedings to reduce the hemoglobin level to 50 per cent, the
rate of regeneration immediately following is greater than that caused
by e:ther liver feeding or iron administration. This is shown by an
experiment with dog 8, in which the regeneration rate was 3.434 grams
per day in a three weeks period, which had begun two weeks after
the initial hemorrhage. (See protocol.) These observations illus-
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trate the profound effect of the condition of the body iron reserve on
experiments of this nature. Thus, when the iron reserve was high
the hemoglobin regeneration was quite pronounced, both on the
basal diet and when liver was added, but when the iron reserve was
low, the hemoglobin regeneration could be increased to maximum by
supplying iron salts alone.

Experiments were made to determine the efficacy of chlorophyl,
wheat germ oil, and commercial yeast nucleic acid. The nudeic acid

TABLE 3

Grams of hemoglobin regenerated per kilogram of dog per day
Dog number

Nucleic acid added Raw thymus gland Raw liver added
to diet added to diet to diet

grams grams grams

3 0.250 0.2041 0.1152
69 0.125 0.1919
4 0.258 0.1702

70 0.1846 0.1118
2 0.2460

TABLE 4

The effect of the bread and milk mixture alone on the rate of hemoglobin regeneration

Hemoglobin regenerated

Dog number Days Avera e-eight Ioelgrams Grams per

hemoglobin Grams per day kilogram per
day

3 30 12.6 41.6 1.386 0.11
72 28 14.5 38.3 1.367 0.094
4 32 12.3 28.0 0.875 0.071
9 25 12.36 27.5 1.10 0.089

was fed in moderate amounts (15 to 20 grams per day) for periods of
ten days, and in calculating its effect a "carry-over" period of twenty
days was allowed. The results are about equal to those derived from
liver and the feeding of thymus gland; but only when iron was con-
stantly supplied in the diet was the regeneration of hemoglobin in-
creased. Table 3 shows these in comparison.

In table 4 are shown the results of feeding the basal bread mixture
alone to dogs in which there was relative iron depletion. The diet
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was not entirely iron free, and we have available only indirect data to.
show the amount of iron depletion in the animal's body. It is
obvious, however, that the rate of hemoglobin regeneration is greatly
depressed, when these results are compared with those in the pre-
ceding tables.

COENT

There was no evidence in these experiments to show that the feed-
ing of beef liver is of especial value in anemia of long duration pro-
duced in healthy animals by hemorrhage. The conclusions to be
drawn appear directly opposed to those of Whipple and Robscheit-
Robbins, whose work this study has attempted to confirm. However,
a fairly complete agreement may be secured in the conclusions by
applying a different interpretation to the results of Whipple and
Robscheit-Robbins. The latter investigators have appreciated the
action of iron in experiments of this type, but apparently in their
experiments there was not provided an adequate amount of iron in
the animals' diets to control this factor and prevent possible iron
depletion while administering natural food products. In drawing
conclusions with regard to hemoglobin regeneration it seems that the
body iron reserve must be fully protected if the effects of the iron
content of the foods themselves are to be avoided.

According to Wells (5) the average human body contains about 3.2
grams of iron, of which 2.4 to 2.7 grams are in the blood. If we
consider that the weight of a dog is one-sixth that of a man, then the
iron content of the dog's body would be about 0.6 to 0.7 gram. In
order to prevent the normal rebound of blood regeneration after
hemorrhage, as described by Drinker (6), a very large amount of
hemoglobin must be removed. An idea of the extent of the hemor-
rhage necessary to accomplish this may be obtained by a study of the
protocols of dogs 8 and 72. In these animals about 180 grams of
hemoglobin were removed in 1700 cc. of blood during 30 to 35 days
before rapid regeneration ceased. This corresponds to the removal
from their bodies of 0.57 gram of iron. If we grant a small intake of
iron with the food and water during this period, there was present a
definite depletion of the body iron reserve in the animals at the begin-
ning of the experiments. In feeding 4,000 grams of beef liver the
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amount of iron administered, according to the analysis of Forbes and
Swift (7), would be 0.328 gram. The recovery of 50 grams of hemo-
globin would remove 0.168 gram from the animal's body. If these
values represent the average results, it seems impossible to recover
the iron quantitatively when absolute iron starvation is present. The
figures here quoted are conservative, and a proper conception of their
significance is prerequisite to an appreciation of the conditions under
which the experiments were carried out.

A sharp distinction must be drawn between cellular regeneration
and hemoglobin formation in the bone marrow, and a knowledge of
the number of reticulated red blood cells in the circulation is of
fundamental importance in this respect. The reticulocyte per-
centages were surprisingly low, considering the large hemorrhages
which were survived. This observation is susceptible of two inter-
pretations: (1) either the response of the bone marrow was equal to
the stress caused by the hemorrhages; or (2) the bone marrow was
rendered relatively inactive by some such factor as faulty diet, or
disease in the animal itself. It is obvious that the latter could not
have been present, because after the preliminary bleedings the
number of red blood cells in the circulation quickly returned to about
the normal level, regardless of the dietary ingredients, and when iron
was abundantly provided hemoglobin regeneration was not inter-
rupted. It is evident that any definite stress placed upon the
mechanism of healthy bone marrow to provide red blood cells would
have been shown by a more pronounced increase in reticulocytes in
the peripheral blood. For this reason, it must be assumed that the
power of regenerating hemoglobin was alone being tested, and not
the mechanism of cell production in the bone marrow.

A recalculation of the amount of hemoglobin regeneration in the
experiments of Whipple and Robscheit-Robbins has been made on
the basis of grams of hemoglobin regenerated per day per kilogram of
animal. The figures are taken from the experiments in which cooked
beef liver and Blaud's pills (2) (8) were used. In table 5 these re-
calculated figures are set down, together with the percentage of
hemoglobin in the animals at the beginning, and at the completion
of each experiment. It will be seen that in several of these experi-
ments where the effect of liver feeding was sought, the animals lost
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more than 25 per cent in the hemoglobin level during the progress of
the experiment.

For illustration, referring to table 5, dog 19-104, in the fixst experi-
ment 0.360 gram of hemoglobin was regenerated daily per kilogram
of dog, but the animal lost 38 per cent in its hemoglobin level during
the four weeks period. In another experiment on the same animal,
the regeneration rate, as calculated from the records, is 0.142 gram,
the loss in hemoglobin being 16 per cent. In the five experiments
in table 5, in which Blaud's pills were administered during one-half

TABLE 5

Analysis of the results of Whipple and Robscheit-Robbins

Grams
Ttl hemo- Hemoglobin level

D ~~~~~~~~~Averagegrams globin re -___________Dog Days Added to diet weight of hemo- generated ',- -_numbr do lb nreper day Begin- Edo
generated per kilo- ning of exei Differ-

gram of experi- mexprt ence
animal ment mn

kgm. per cent per cent per cent

19-104 28 Liver 10.5 108.1 0.360 86 48 -38
19-104 28 Liver 11.0 43.7 0.142 52 36 -16
21-64 28 Liver 14.4 73.9 0.207 80 55 -25
16-160 28 Liver 10.8 36.4 0.120 57 48 - 9
20-104 28 Liver 9.6 56.3 0.209 58 45 -13
20-104 28 Liver 8.7 98.8 0.396 74 47 -27
20-71 28 Liver 16.0 64.1 0.144 48 50 + 2

20-104 28 Blaud's pills 8.5 45.3 0.190 44 76 +32
20-71 28 Blaud's pills 11.7 35.6 0.108 53 43 -10
21-64 28 Blaud's pills 14.5 61.9 0.152 80 44 -36
24-3 28 Blaud's pills 12.1 35.2 0.105 51 44 - 7
24-2 28 Blaud's pills 12.3 41.4 0.120 44 46 + 2

the experimental period, only three of the experiments are susceptible
of interpretation, for the reasons given above. The results of the
experiments in which the hemoglobin level remained at about a con-
stant (table 5) are quite comparable with those recorded here, and
no fundamental disagreement in conclusions need be drawn.

It must be evident then from the results of both sets of experiments
that the feeding of liver had no demonstrable effect in the regenera-
tion of hemoglobin in anemia of long duration in healthy animals,
when there was an adequate intake of iron.

The conclusions of Whipple, Robscheit-Robbins, and Hooper (1),
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regarding the effect of liver feeding proved successful fortunately,
when applied to patients with pernicious anemia (9). The theoretical
reason for this application is not clear, since the two conditions under
which liver feeding must exert its action are totally different. The
predominate cell of the bone marrow in hemorrhage is quite different
from the predominate cell of pernicious anemia in relapse. The con-
ditions imposed by these experiments upon the red blood cell produc-
tion were at no time severe, and there was no evidence of delay in the
development of red blood cells by the bone marrow, such as occurs
in pernicious anemia. In these experiments, even under relative
iron depletion the number of red blood cells tends gradually to ap-
proach normal. (See protocol, dog 3.) Thus, we have no experi-
mental or theoretical evidence that the administration of relatively
enormous amounts of liver to the dogs could have a favorable effect
upon red blood cell production.

This paper has to do chiefly with hemoglobin regeneration, and
further experiments are now in progress upon the phase of red blood
cell regeneration.

I am greatly obligated to Dr. Sarah Long for her assistance in
staining blood smears and making reticulocyte counts.

CONCLUSIONS

1. In the presence of an adequate diet, hemoglobin regeneration
in the long continued experimental anemia of healthy adult dogs is
IVmited by the availability of iron.

2. In this form of anemia the administration of liver has no specific
action upon the regeneration of hemoglobin and acts entirely through
its iron content.

3. Liver feeding caused no demonstrable increase in red blood cell
production, such as occurs in pernicious anemia.

4. The therapeutic value of iron salts in the treatment of anemia
resulting from hemorrhage is sustained.

5. A sharp distinction must be drawn between hemoglobin forma-
tion and cellular regeneration of the blood elements in this type of
anemia.

6. Hemoglobin formation is depressed by relative iron starvation
in long continued experimental anemia induced by hemorrhage, red
blood cell production is somewhat less modified.
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