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The blood volume in pernicious anemia has been
studied repeatedly by a variety of methods and all
authors have commented upon the extremely low
level of the total volume of circulating red cells
found in the severe stages of this disease. There
is less unanimity of opinion as regards the ab-
normality of both the plasma and total blood vol-
ume at various levels of anemia, the relationship
between the severity of the disease and the degree
of hypovolemia, and the changes in plasma, red
cell, and total blood volume that occur during the
course of successful liver therapy. Plasma vol-
ume was thought to be normal by Bock (1),
Denny (2), and Murphy, et al. (3), or higher
than normal, Keith (4), Rusynak (5), and De
Wesselow and Bamforth (6). Denny (2) found
no relation between the severity of the anemia and
the total blood volume level, whereas Smith (7)
noted that the total amount of hemoglobin was
reduced in proportion to the severity of the dis-
ease. During treatment with liver the total blood
volume was found to increase, due chiefly to a
great increase in the red cell volume (6) which
may be three or fourfold (3). The plasma vol-
ume was found to fall (6), during recovery, or in-
crease .(8), or remain fairly constant (3). H61-
boll (8) could not find any relationship between
the observed changes in the total blood volume and
either the hematocrit or hemoglobin content of the
blood, but De Wesselow and Bamforth (6) stated
that the " increase in percentage of red cell vol-
ume and hemoglobin estimations gives an accurate
index of the actual increase in red cell substance
and hemoglobin during treatment."

1 This study together with those previously reported
in a series of papers entitled "Clinical Studies of the
Blood Volume. I to V," inclusive, published in the
Journal of Clinical Investigation, were aided by a grant
from the Proctor Fund for the Study of Chronic Dis-
eases, Harvard Medical School.

It is evident that the current conception of the
state of the blood volume during the various
phases of pernicious anemia and the changes that
take place during therapy is confused. It, there-
fore, seemed worth while to study the problem
again, employing a dye method for determining
the plasma and total blood volume in which the
errors inherent in the techniques employed by the
authors mentioned above are minimized (9, 10).

MATERIAL STUDIED

Six male and 4 female patients, in whom the
diagnosis of pernicious anemia was made on the
Medical Service or in the Blood Clinic of the
Out-Door Department of the Peter Bent Brigham
Hospital, were studied before and during the
course of treatment with liver extract. All of
these patients had hyperchromic anemia, high
color index, gastric achlorhydria, and all experi-
enced a marked rise in their reticulocyte count
after treatment with liver extract. Initial blood
volume studies were made before treatment was
begun, at intervals during treatment with liver
extract and, in 8 of the 10 cases, when the red
blood cell count had reached a level of five mil-
lion. Three of these patients were started on a
single dose of extract 2 derived from 600, 500,
400, and 75 grams of liver (60, 50, 40, and 7.5
U.S.P. units) respectively, and 6 on small daily
doses of concentrated extract, the total amount
given in 10 daily doses being derived from 75
grams of liver (7.5 U.S.P. units) in 4 cases and
100 grams of liver (10 U.S.P. units) in 2 cases.
Following the initial treatment, liver extract in
amounts derived from 50 to 100 grams (5 to 10

2 Extracts used were Lederle " Solution Liver Extract
Parenteral." The large single doses were of a prepara-
tion containing 10 U.S.P. units in 3 cc., the "concen-
trate" extract containing 15 U.S.P. units in 1 cc. of
material. These extracts are said not to contain iron.
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U.S.P. units) of liver was given at intervals of
from 7 to 12 days until the red count reached 5
million. Liver extract was given by intramuscu-
lar injection, and in no case was iron given, nor
was liver given by mouth.

Plasma and total blood volumes and hema-
tocrits were determined by methods previously
described (10), venous pressures by a direct
manometric method (11), circulation time by
means of decholin (12), and hemoglobin content
of venous blood by the method of Osgood and
Haskins (13). Surface area was taken as the
basis for the prediction of normal blood volume.
Normal values for hematocrit were taken as 44
per cent and 40 per cent (14), for red blood cell
counts as 5,480,000 and 4,920,000 cells per c.mm.
of blood, and for hemoglobin content of venous
blood as 16.03 and 14.21 grams per 100 cc. of
whole blood (15), for men and women respec-
tively. Based on the above, normal values were
computed for mean corpuscular volume as 80.3
and 81.3 cubic microns, for mean corpuscular
hemoglobin as 29.3 and 28.9 micrograms, and for
mean corpuscular hemoglobin concentration as
36.5 and 35.5 grams per 100 cc. of packed red cells
for men and women respectively. Total circulat-
ing hemoglobin was computed by multiplying the
hemoglobin content in grams per 100 cc. of blood
by the total blood volume in hundreds of cubic
centimeters.

RESULTS

All of these patients made complete recoveries,
the red blood cell count rising to about 5 million
in from 40 to 60 days after the beginning of treat-
ment. During the first 28 days of treatment the
rate of recovery of individual patients varied
somewhat as shown in Figure 1. During the first
10 days the response of 2 of the 3 patients (Cases
165, 216, and 283), receiving large initial doses,
was more rapid than in those receiving small
amounts of " concentrate " extract daily. Case
218, receiving an initial single dose of material
derived from 50 grams of liver (7.5 U.S.P. units),
had a response comparable to those patients re-
ceiving divided doses of " concentrate " extract.
The degree of recovery at 28 days, in terms of
percentage of deficit from normal in red cell count
existing before therapy, varied somewhat with the

total dosage during this period but in general was
proportionate to the amount of liver given.

Blood volume

The data obtained are presented in Table I. In
Figure 2 are shown the absolute plasma, circulat-
ing red blood cell, and total blood volume at red
blood cell count levels of from 1 to 5 million.
Almost without exception at the initial determina-
tion, plasma volume was higher, and circulating
red cell and total volume were lower than the
average normal values (14) for men and women.
In every case plasma volume fell and red cell and
total blood volume rose as the red blood cell count
increased to 5 million under liver therapy.
When recovery was complete, average plasma

volume had decreased from initial levels by 473
cc. and 460 cc., average circulating red cell volume
had increased by 1570 cc. and 1065 cc., and aver-
age total blood volume had increased by 928 cc.
and 508 cc., in the males and females respectively.
In no individual case was any marked deviation
from the general trend observed. The increase in
circulating red cell volume amounted to about 200
per cent and 150 per cent above the amount pres-
ent before treatment was started in the males and
females respectively.

In relation to normal blood volume predicted on
the basis of surface area there was, at various
levels of anemia, some individual variation in the
percentage of deviation from normal in plasma,
circulating red cell and total blood volume, the
extremes of this variation being within about plus
or minus 10 per cent of the average values for the
group, which are shown in Figure 3. At a red
blood cell count level of 1.5 million the plasma vol-
ume was 30 per cent above, the red cell volume 68
per cent below, and the total blood volume 16
per cent below normal. During recovery on liver
therapy the fall in plasma volume and the rise in
red cell and total blood volume were practically
in linear relationship to the increase in the red
blood cell count, and at the time the red blood cell
count had reached 5 million, the plasma, circulat-
ing red cell, and total blood volume all were within
normal limits. A similar relationship in the
changes in plasma, circulating red cell, and total
blood volume to the increase in the hematocrit
level was observed.
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Liver extract
given
U.S.P. Units

Case
no. Initial Total
191 7.5 30/9

/
/X 216 60 80

332 10 50
329 10 30
165 50 87.5

283 40

271
190
218

50
7.5
7.5

7

80
30
30

250 7.5 30

10 15 20
Days from beginning of liver therapy

FIG. 1. THE COURSE OF THE RED BuOm CELL COUNT EXPRESSED IN TERMS OF PERCENTAGE OF INI-
TIAL DEFICIT REGENERATED IN 28 DAYS IN 10 CASES OF PERNICIOUS ANEMIA TREATED BY INTRAMUSCU-
LAR INJECTIONS OF LIVER EXTRACT

The amount of liver in U. S. P. units given as an initial dose and the total given during the period
shown are listed opposite case numbers at the right. The solid lines represent the cases given large sin-
gle initial doses and the broken lines the cases given 10 daily small doses of a concentrate extract.
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BLOOD VOLUME IN PERNICIOUS ANEMIA

I 2 3 4 5

'R+-,

2 3 4
Red blood cell count in millions

FIG. 2. ABSOLUTE PLASMA, CIRCULATNG RED CELL, AND TOTAL BLooD VOLUME
IN 10 CASES OF PERNICIOUS ANEMIA DURING RECOVERY ON INTRAMUSCULAR LIVER
ExTRAcT THERAPY

The initial determinations were made just prior to the beginning of treatment.
Normal limits are indicated by the rectangles at the right of the figure, the upper and
lower borders representing the average normal volume levels, and the right and left
borders representing the average normal red cell counts for males and females re-

spectively. The heavy lines represent averages for the group. As the red cell count
rises plasma volume diminishes, and circulating red cell and total blood volume in-
crease, all returning to normal when the erythrocyte count reaches 5 million.
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PLASMA

TOTAL BLOOD 0

/./~~~~~~~~~~~.

RED CELL .<
'TOTAL HEMOGLOBIN

0 I 2 3 4
Red blood cell count in millions

FIG. 3. THE PERCENTAGE DEVIATION FROM PREDicTED NORMAL VALUES
IN PLASMA, CIRCULATING RED CELL AND TOTAL BLOOD VOLUME, AND TOTAL
CIRCULATING HEMOGLOBIN IN SEVERE PERNICIOUS ANEMIA AND DURING RE-

COVERY ON LIVER THERAPY
The regeneration of hemoglobin is slower than the regeneration of red

cells.

Hemoglobin
Total circulating hemoglobin was extremely low

during the severe stages of anemia, having been,
on an average, 238 and 202 grams, in contrast to
average normal amounts of 877 and 540 grams,

in the males and females respectively. After re-

covery, total circulating hemoglobin had increased
over initial levels on an average of 519 grams, or

about 220 per cent in the males and 411 grams or

about 200 per cent in the females. In terms of
percentage deviation from normal the course of
the total circulating hemoglobin bore a linear re-

lationship to the increase in red cell count as shown
in Figure 3, but while the curve of increase in
total circulating hemoglobin paralleled the corre-

sponding curve of circulating red cell volume, it
definitely lagged behind during the early and mid-
dle stages of therapy.

In Table II are shown changes in mean cor-

puscular volume and hemoglobin, mean corpuscu-

lar hemoglobin concentration, and in the volume,
color and saturation indices. The averages of
volume and hemoglobin corpuscular measure-

ments with reference to the course of the total
circulating red cell volume as the red blood cell
count rose to 5 million cells are shown in Figure 4.

Venous pressure and circulation time

Venous pressures varied considerably during
the course of treatment, having a tendency to be
in the high range of normal during the anemic
stages and to fall slightly with clinical improve-
ment as shown in Figure 5. However, there
were considerable individual variations, ranging
from 30 to 110 mm. of water, in initial determina-
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BLOOD VOLUME IN PERNICIOUS ANEMIA

TABLE II

Individual cell volume and hemoglobin measurements and
volume, color, and saturation indices in 10 cases of

pernicious anemia

Mean
Men Mean corpus-CansedHeeon corpus- cular Vol- Coo atu-

num- blood HHemo-Hema- cou cular hemo- ume Ix rtion
be cU globin tocrit cuIar hemo- globinineindex indexvolume globin concen-

tration

milions grams per cent cubtic mico- gram
c. mm. 100 cc. of cel microns gra 100 cc.

165A 1.67 4.47 13.8 82.7 26.8 32.2 1.035 0.921 0.890
165B 2.60 7.10 28.6 110.0 27.3 24.8 1.405 0.932 0.683
165C 5.16 12.42 41.6 80.6 24.1 29.9 1.005 0.822 0.819

190A 2.26 6.90 26.7 117.5 30.5 25.6 1.475 1.042 0.707
190B 3.74 9.80 36.6 97.8 76.2 26.7 1.220 0.897 0.735
190C 5.33 14.63 41.5 77.8 27.4 35.3 0.970 0.940 0.970

191A 1.22 5.52 15.3 125.0 45.0 45.2 1.605 1.610 1.005
191B 3.38 10.25 33.4 98.8 30.3 30.3 1.215 1.050 0.863
191C 5.50 13.05 39.8 72.3 23.6 23.7 0.887 0.820 0.925

216A 1.04 4.83 15.1 146.0 46.5 32.0 1.805 1.585 0.878
216B 5.17 15.09 44.1 83.2 29.2 34.2 1.060 0.995 0.938

218A 1.70 5.60 16.2 95.3 32.9 34.7 1.170 1.135 0.970
218B 5.10 15.95 40.8 80.1 32.7 39.0 0.987 1.082 1.095

250A 1.56 7.59 17.2 110.2 48.8 44.1 1.360 1.685 1.240
250B 2.59 9.38 26.3 100.3 36.2 37.1 1.260 1.250 0.993
250C 3.45 12.02 34.9 100.1 34.9 34.7 1.245 1.205 0.957
250D 5.14 16.18 40.7 79.3 31.4 39.8 0.972 1.090 1.120

271A 2.17 9.50 20.5 94.4 43.8 46.3 1.175 1.495 1.272
271B 2.84 11.40 24.8 87.2 40.2 46.0 1.085 1.372 1.265
271C 3.80 11.25 35.9 77.2 29.5 31.3 1.175 1.030 0.877

283A 1.05 3.73 11.4 108.5 35.7 32.7 1.343 1.215 0.905
283B 1.97 5.58 19.4 98.3 2&3 28.6 1.230 0.972 0.790
283C 3.07 8.56 29.2 95.2 27.9 28.9 1.185 0.953 0.803
283D 4.67 15.00 39.1 83.3 32.1 38.3 1.035 1.105 1.068

329A 0.83 4.28 13.8 166.2 51.8 31.0 2.050 1.785 0.871
329B 2.25 7.39 22.9 101.5 32.8 32.3 1.255 1.138 0.907
329C 3.32 11.55 32.4 97.6 34.8 35.6 1.200 1.205 1.005

332A 1.38 5.26 17.9 130.0 38.1 29.4 1.615 1.300 0.805
332B 3.07 12.10 35.0 114.0 39.4 34.6 1.420 1.350 0.950
332C 5.08 16.05 40.8 80.3 31.6 39.3 1.000 1.077 1.077

tions of venous pressure, and in the direction and
degree of changes observed during therapy.

Circulation time was definitely decreased in the
anemic stages of the disease, as shown in Figure 5,
and, on the average, increased during therapy in
a linear relationship to the increase in the red cell
count, returning to normal when recovery was

complete.

DISCUSSION

In contrast to the conflicting observations re-

ported in the literature the findings herein pre-

sented exhibit a striking consistency in the degree
of abnormality of plasma, red blood cell, and total
blood volume during the severe stages of pernici-
ous anemia and in the behavior of the component
elements of the blood volume both as to absolute
values and relative changes during recovery on

liver extract therapy. Pernicious anemia is char-

acterized by a hydremic hypovolemia, and the de-
gree of hydremia and hypovolemia and of reduc-
tion from normal in the circulating red cell vol-
ume and total hemoglobin is in direct relationship
to the severity of the disease as evidenced by the
levels of the red cell count or hematocrit, and
hemoglobin.
A somewhat different situation prevails in the

hypochromic anemias. In a group of 31 patients
with secondary anemias, 9 of whom had an anemia
due to chronic blood loss, 1 due to acute nephritis,
3 due to chronic vascular nephritis, 9 due to
chronic glomerular nephritis and 9 due to so-called
" nephrosis," the author has found no definite re-
lationship between the degree of deviation from
normal total blood volume and the red blood cell
count level, about one-third of the group having
total blood volumes from 0 to 15 per cent above
and the remainder having total blood volumes
from 0 to 18 per cent below normal, the average
value for the entire group being only slightly be-
low normal. However, all of these patients had
subnormal circulating red blood cell volumes, and,
in resemblance to the group of patients with per-
nicious anemia herein studied, the relationship of
the percentage deviation from normal circulating
red cell volume to the red blood cell count was
such that the slope of the curve of this deviation
was the same in both groups. It would seem that
the patient with pernicious anemia, in contrast to
the patient with a secondary anemia, has definite
limits to the extent to which total blood volume,
diminished by a reduction in the circulating red
cell volume, can be augmented by blood hydration.
Other than being possibly due to chronic dehydra-
tion, the cause of this difference is not clear and
merits further investigation.
The marked reduction in total circulating hemo-

globin observed by other workers is confirmed by
this study. The patients in the group studied,
when they first came under medical observation,
had on an average only one-third of their normal
total circulating hemoglobin, and yet none of them
presented symptoms of marked respiratory dis-
tress. A discussion of the " compensatory"'
mechanism by which patients with pernicious
anemia carry on fairly adequate respiratory func-
tion is beyond the scope of this paper. That the
efficiency of the lowered oxygen capacity of the
blood is increased is a widely accepted belief. The
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FIG. 4. CHANGES IN THE SIZE AND HEMOGLOBIN CONTENT AND CONCENTRATION OF THE INDIVIDUAL
RED CELL, AND IN THE SATURATION INDEX DURING RECOVERY FROM PEN-icious ANEMIA ON LIVER THER-
APY, SHOWN IN RELATION TO THE INCREASE IN THE CIRCULATING RED CELL VOLUME

The lines represent average values for the group of 10 cases. While the individual cell is larger and
contains more hemoglobin than a normal red cell, the total red cell mass, in comparison to normal, is defi-
nitely deficient in hemoglobin, and this deficiency is not fully met until recovery is almost complete.
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Red blood cell count in millions

FIG. 5. INCREASE IN THE CIRCULATION TIME AS THE RED CELL COUNT RISES
The line connecting the black circles is the average trend of circulation time, that

connecting the triangles the average trend of venous pressure. The changes in venous

pressure are of no clinical significance.
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BLOOD VOLUME IN PERNICIOUS ANEMIA

finding of an increased speed of blood flow in this
group of patients (see Figure 5) is in keeping
with the observation of Blumgart, et al. (16).
Better oxygen utilization, as evidenced by an in-
crease in the arteriovenous difference in oxygen
content of the blood, has been demonstrated by
Henderson (17).

In this series of cases the size, hemoglobin con-
tent, and concentration of the individual red cell
and the volume, color, and saturation indices are
in keeping with those reported in the literature.
Thus, Wintrobe ( 18) found an average mean cor-
puscular volume of 116 cubic microns in patients
with pernicious anemia with erythrocyte counts
ranging from 0.59 to 4.03 million, in comparison
to a normal range of. from 70 to 98 cubic microns
(19), and Haden (20) found the mean corpuscu-
lar volume in pernicious anemia to range from 108
to 163 cubic microns. These same authors found
the mean corpuscular hemoglobin to average 39
and 40.1 micrograms, both values being well above
normal. The volume index has been found to be
greater than 1 by Capps (21) and Haden (22)
and color index greater than 1 by Goldhamer,
et al. (23). Yet, Haden (24) reported an aver-
age saturation index of 0.92 in 50 cases, indicating
that the red cells did not contain their maximum
capacity of hemoglobin, and certainly were not
supersaturated, as the color index would suggest.
The data illustrated in Figure 4 are of interest

in this connection. Both mean corpuscular vol-
ume and hemoglobin are definitely above normal
in the severe stages of anemia and decrease, ap-
proaching normal, as the red cell count rises.
Mean corpuscular hemoglobin concentration is an
expression of the hemoglobin content of a unit
mass, not of whole blood but of red cells, and this
value is decidedly below normal in the severe
stages, approaching normal only after the red cell
count has reached about 3 million.

It is, therefore, apparent that in pernicious
anemia, while the individual cell is larger and con-
tains more hemoglobin than a normal red cell, the
total red cell mass in comparison to an equal mass
of normal red cells is definitely deficient in hemo-
globin, and that, on liver therapy alone, this de-
ficiency is not met until recovery is almost com-
plete. It is of interest that this failure of the total
red cell mass to attain its normal complement of
hemoglobin occurs at a time, following effective

liver therapy, when red cells are being rapidly
regenerated. It cannot be entirely accounted for
by decreases in the mean corpuscular volume and
hemoglobin, since, as shown in Figure 3, in terms
of percentage of normal, total hemoglobin is less
than total circulating red cell volume until the
erythrocyte count reaches normal.
Two explanations of this difference in rate of

regeneration of red cells and hemoglobin suggest
themselves. The formation of hemoglobin may
be slower than the development of new red cells
and hence inevitably proceed at a slower rate.
The bone marrow of pernicious anemia is hyper-
plastic, and it is characteristic that the erythrocyte
is arrested in its development in this disease. The
effective principle of liver is thought to check this
developmental inhibition, so that a large quantity
of dormant cells rapidly mature and are liberated
early in the course of treatment.

Another possibility is that a true iron deficiency
may exist in the severe stages of the disease, so
that a real shortage of hemoglobin building sub-
stances may delay the synthesis of hemoglobin.
Murphy, Lynch, and Howard (25) concluded that
during a relapse the " iron index " (whole blood
iron divided by the red cell count in millions) was
above normal, approaching normal during recov-
ery. Reich and Tiedemann (26) also found a
normal " iron volume index " in pernicious anemia
but regarded this as evidence that iron therapy
was of no value in this disease since " the red cells
are already saturated with iron." Moore and
Doan (27), however, clearly showed that the
plasma iron, which they considered to be iron in
the form most available for hemoglobin synthesis,
while normal or above during a relapse, fell
rapidly to subnormal levels on the initiation of
liver therapy and remained low throughout the
period of reticulocyte response and until the ery-
throcyte count had reached between 3 and 4 mil-
lion cells, after which it gradually rose. Thus,
while the red cells present in the blood during a
relapse probably have a normal complement of
iron the lowering of the plasma iron accompany-
ing the tremendous new production of hemoglobin
during treatment is direct evidence of a depletion
of stored iron in the severe stages of the disease.
It is possible that the patient with pernicious
anemia should receive therapy directed to restor-
ing an iron deficit in addition to treatment with
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the effective substance contained in liver. Murphy
(28) has shown that the response of a group of
patients with pernicious anemia treated with iron
supplementing liver extract was definitely better
than that of a control group receiving liver therapy
alone.
The immediate increase in reticulocytes char-

acteristic of liver therapy in pernicious anemia has
led to the practice of using the reticulocyte re-

sponse as a basis for judging the potency of any

liver preparation. That the height of the rise of
the reticulocytes varies with the initial level of
red blood cells when liver is given by mouth was

pointed out by Minot, Cohn, Murphy, and Law-
son (29).

Bethell and Goldhamer (30) described a similar
characteristic of the reticulocyte response in 39
patients receiving a single dose of liver extract (an
amount derived from 100 grams of liver) intra-
venously. In a larger series of cases given liver
extract intraumuscularly at intervals of from 1 to
7 days, the totaling amount averaging about 1
U.S.P. unit a day, Isaacs and Friedman (31)
confirmed these findings. Based on this charac-
teristic the Council on Pharmacy and Chemistry
of the American Medical Association has adopted
a standard test curve (32) for evaluating the po-

tency of liver extracts to be used in the treatment
of perniclous anemia.

In Table III is shown the initial reticulocyte and

TABLE III
Increases in the reticulocyte and red blood cell counts in 10 patients following intramuscular liver extract therapy

Total Ten Days after beginning therapy
amount daily Single Before

Case number of liver equal dose treat-
extract doses ment 1 2 3 4 5 6 7 8 9 10

U.S.P.
units

165 50.0 x * 2.0 8.0 15.0 29.1 49.7 40.7 28.3 14.0 2.6

Ct 1.7 2.4_

190 7.5 x R 1.0 2.0 2.0 1.6 1.2 2.8 9.2 10.6 4.4 3.2

C 2.3 2.5 3.0

191 7.5 x R 5.6 4.8 5.8 5.4 6.0 10.4 15.5 14.0 15.6 10.4

C 1.2 1.8 1.9

216 60.0 x R 1.8 2.6 1.6 16.0 17.0 24.5 24.1 12.2 11.2 9.6

C 1.0 1.1 2.4 2.4

218 7.5 x R 2.8 2.8 6.2 6.4 13.8 18.2 21.0 14.6

C 1.3 1.6 1.7

250 7.5 x R 1.2 1.2 1.6 2.2 4.4 8.6 12.0 16.0 18.6 9.4

C 1.6 1.7 1.8 1.8

271 7.5 x R 2.0 3.3 2.8 4.0 6.0 8.4 10.6 17.8 10.2 8.7

C 1.6 1.9 2.2 2.0 2.5

283 40.0 x R 0.4 0.4 0.7 12.6 30.4 36.2 26.8 33.0

C 1.1 2.0

329 10.0 x R 1.8 2.1 3.1 4.5 6.1 13.1 23.0 33.0 26.9 21.9 22.0

C 1.0 1.5

332 10.0 x R 0.3 0.4 0.6 1.6 2.0 4.5 7.9 12.7 28.0 27.0 29.6

C 1.4 2.3

* Reticulocyte count in per cent of red blood cell count.
t Red blood cell count in millions per c. mm.
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red blood cell counts and the course of these de-
terminations during the first 10 days of treatment
in the patients in this series with reference to the
number of U. S. P. units administered and the
size and frequency of dosage given. In Figure 6
the reticulocyte level at the time of the maximum
response is shown in comparison to the expected
maximum based on the standard test curve of the
American Medical Association and in addition to
the absolute increase in red cell count, and the
percentage of the deficit in red blood cell count,
total circulating hemoglobin, and circulating red
blood cell volume present at the beginning of
therapy regenerated in 10 days.

In the 6 cases given small daily doses the re-
ticulocyte response was satisfactory in all but
Cases 191 and 329 and yet the production of new
cells and hemoglobin after 10 days of treatment
in these cases was above the average of the entire
group, and on continued treatment for 28 days
with the same extract initially used (see Figure
1) the red cell count was definitely above the aver-
age for the entire group.
On the other hand in Cases 250 and 271 new

production of red cells and hemoglobin was defi-
nitely below average both at the 10 and 28-day
periods in spite of a reticulocyte response that was
well up to standard test requirements.
Thus in 4 of the 6 cases receiving 10 daily doses

the conformance of the reticulocyte count to the
standard test curve bore no constant relationship
to the regeneration of blood either during the
reticulocyte rise or during a subsequent period of
about 3 weeks thereafter.
A comparison of the 4 cases given large single

doses as initial treatment is of interest. In all
these cases the reticulocyte response was prompt
and while it cannot be directly referred to the
standard test curve (initial red cell counts being
considered) was on the whole higher than that of
the group receiving 10 daily divided doses (see
Table III). Yet the production of red cells and
hemoglobin, in terms of deficit regenerated was
below average at 10 days in Cases 216 and 283,
and about average in Cases 165 and 218. Eigh-
teen days later, during which interval further
large doses were given to 3 cases (Cases 265, 216,
and 283), the increase in red cells was only a little
better than the average of the group receiving
divided doses.

It would appear from the data presented that
the reticulocyte response experienced by these pa-
tients did not bear a constant relationship to the
degree of improvement in their blood as a whole
either during the phase of reticulocyte activity or
subsequent thereto. It should also be stated that
the reticulocyte response is transient and cannot
serve as an index of the therapeutic effectiveness
of a liver preparation throughout the entire course
of recovery or during maintenance therapy.
The striking linear relationship of the red blood

cell count and hematocrit to the percentage of
normal circulating red blood cell volume and total
hemoglobin respectively observed in this study in-
dicates that, for purposes of following the clinical
course of the patient, the red cell count or hema-
tocrit are good indicators of the degree of return
to normal levels of the circulating red cell volume,
and the hemoglobin determination is a good in-
dicator of the degree of the return to normal of
the total hemoglobin content of the blood. It is
suggested that a useful interpretation of increases
in red cell count and hemoglobin is in terms of the
percentage of the deficit existing before the be-
ginning of treatment regenerated.

These findings perhaps suggest the wisdom of
evaluating the potency of a liver preparation upon
the course of red cell count and hemoglobin dur-
ing the entire period of recovery, in addition to the
conformance of the transient reticulocyte rise to
a standard test curve.

CONCLUSIONS

1. Pernicious anemia is characterized by a hy-
dremic hypovolemia in the severe stages. In the
group of 10 cases studied the average plasma vol-
ume was 30 per cent above, circulating red blood
cell volume 68 per cent below, total blood volume
14 per cent below, and total hemoglobin 70 per
cent below normal, at a red blood cell level of 1.5
million.

2. Under treatment with a potent liver extract,
plasma, circulating red blood cell, total blood vol-
ume, and total circulating hemoglobin returned to
within normal limits when the red cell count
reached normal, and these blood components
changed in a linear relationship to the change in
the red cell count and hematocrit.

3. In the severe stages of anemia, although the
individual red cells were larger than normal and
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Case No.
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FIG. 6. REGENERATION OF BLOOD FOLLOWING INTRAMUSCULAR LIvER THERAPY
Cases given 10 daily doses of concentrate are grouped at the left of the chart, those given

single large doses at the right. The relationship of the conformance of the reticulocyte maxi-
mum to the regeneration of the blood as a whole in terms of the percentage of the deficit in
red cells and hemoglobin present at the beginning of therapy regenerated in 10 days is discussed
in the text.
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contained more hemoglobin than a normal cell, the
hemoglobin content of a unit mass of red cells was
less than that of an equal unit mass of normal
red cells. There is, in pernicious anemia, a rela-
tive as well as absolute deficiency in hemoglobin.

4. In the cases studied, the magnitude of the
reticulocyte response following treatment with a
potent extract bore no constant relation to the con-
comitant or subsequent improvement in the blood
in terms of the percentage of regeneration of the
deficit in circulating red cell volume or total hemo-
globin. It is suggested that the present practice
of evaluating the potency of any liver preparation
on the basis of the conformance of the reticulocyte
response to a standard test curve might well be
supplemented by consideration of the course of
the red blood cell count and hemoglobin over the
entire period of recovery.
The author wishes to thank Dr. William P. Murphy

for his interest and encouragement in this study and
Miss Isobel Howard for her painstaking technical
assistance.
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