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Physiology, University of Copenhagen, Copenhagen, Denmark)
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Man, as is well known, is one of the few species
whose blood cells are permeable to glucose. The
permeability rate of human blood cells for glucose
has been the subject of many investigations at-
tempting to define the significant factors of this
phenomenon. Ege (1) was the first to investi-
gate the importance of the concentration of the
glucose. With a low glucose concentration there
rapidly occurred a balance between'the glucose in
the extracellular fluid and the watery phase of the
blood cells; with a higher degree of concentration,
the blood cells gradually became swollen, with a
much slower inward diffusion rate (a contribut-
ing factor here, however, was a probable simul-
taneous outward flow of potassium from the blood
cells).

These conditions were more thoroughly exam-
ined by Bjering (2) who likewise found the rate
of diffusion slower when the concentration of
glucose was raised. He noted further that the
diffusion rate for glucose gradually diminished to
a degree greater than might be expected from
Fick's law 1 as more glucose entered the blood
cells. 'There is much to suggest that it is a ques-
tion of a tightening of the pores of the blood cell
membranes in the presence of glucose molecules,
as a similar lowering of the diffusion rate has been
observed when collodium membranes are em-
ployed.

Bjering showed too that the inward flow of the
glucose could be brought to a complete standstill
by the addition of cyanide of mercury to the sus-

1 Fick's law accounts for the rate of diffusion through
membranes by the formula:

Cv
kt = log

when k is the constant, t the time, Cv the concentration
of the investigated substance in the outer fluid, and Ct
the concentration of the substance in the watery phase
inside the cell membrane.

pension fluid. This same worker also investi-
gated the importance of the temperature. He
found a Q10 2 value of about 2, working with
temperatures between 20° and 30° C., a reading
corresponding to that found by 0rskov (3) for
glycerin and thio-urea.

Investigations relating to the individual varia-
tions in the permeability of the blood cells from
different persons are few in number. Schi0dt
(4), who has devised a formula for the estimation
of the permeability constant by hematocrit estima-
tion, found a uniform constant in relation to the
permeability to NH4Br in a series of normal men.
He noted that the time interval during which the
blood had stood prior to the performance of the
test was a matter of importance, for example,
older blood showed a lower permeability rate.

Schonheyder (5), using Schi0dt's equation and
the hematocrit method, tested the permeability
constant of the blood cells for malonamid in 50
healthy and sick persons, and found a like con-
stant in all the cases. The patients examined in-
cluded various types of anemia, one case of per-
nicious anemia and one of hemolytic jaundice.
No mention is made of the importance of the time
interval during which the blood had stood before
the performance of the tests. The experiments
conducted by Jacobs (7) and by Hober and
0rskov (8), concerning the lapse of time before
hemolysis took place in a suspension of human
blood in solutions of different anelectrolytes were
few in number. Furthermore, hemolytic tests are
more uncertain than the determination of the
permeability by the alterations in cell volume, so
that their experiments perhaps bear no very great
weight upon the subject in question.

Thus the literature to date affords no sure evi-

2 Q1* stands for the increase in diffusion rate which is
brought about by a rise in temperature of 10° C.
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dence of a variation in the permeability of the
blood cells from different persons.

Qrskov's experiments (6), however, establish
the fact that there are considerable differences in
the permeability to glycerin exhibited by the blood
cells of different rabbits, while the permeability to
thio-urea is more or less constant. It therefore
seemed possible that the conditions relating to
ammonium bromide and malonamid in the case
of human beings might resemble those for thio-
urea in rabbits, and that one might succeed in
finding substances exhibiting individual variations
in permeability rate towards the blood cells of dif-
ferent persons, similar to that shown for glycerin
in the case of rabbits' blood cells.

Tentative investigations revealed a variation
from person to person in the diffusion rate for
glucose through their respective blood cell mem-
branes. The technique followed, of which an ac-
count has been given in a previous communication
(3), was the same as that employed in correspond-
ing experiments with rabbits' blood. Concerning
the principle of the method, the technique, and the
determination of the permeability constant, ref-
erence may be made to the publication in question.
Here we shall only mention certain details.

The blood to be used is taken from a vein in the
arm, defibrinated in a small closed test tube and
filtered. The test is first made after a lapse of
4 hours or more, 1 cc. of blood being carefully
suspended in 100 cc. of a 0.88 per cent NaCl and
0.15 per cent NaHCO3solution, which is in equi-
librium with oxygen that contains 4.7 per cent
CO2 and has therefore a pH value of 7.3.

The container, in which the permeability rate is
estimated, is large enough to hold 30 cc. of the
suspension. The glucose solution employed is
2 molar (it contains also 0.9 per cent NaCl),
1 cc. being taken for mixing with the blood cell
suspension, so that this latter eventually contains
1.16 per cent glucose. For the purpose of gaug-
ing the permeability curve, adjustment curves are
charted showing the effect of adding 1 cc. of 3.97
per cent saline solution to fresh samples of the
blood cell suspension, whereby the osmotic pres-
sure is raised half as much as with the addition of
the glucose solution. In this manner the time re-
quired for the concentration of the glucose in the
watery phase of the blood cells to reach half of

that found in the extracellular fluid is determined.
In the following pages the permeability rate

is expressed as the minute constant (M-C) ,8
which is calculated according to Fick's law. A
number of tests were carried out for the purpose
of defining which factors are those influencing the
permeability.

As already stated, Ege's and Bjering's experi-
ments showed that the concentration of the glu-
cose plays a part in determining the rate of
permeation. This was also the case in the ex-
periments described below: the M-C became less
with a higher glucose concentration.

Glucose
concentration
in blood cell
suspension

per cent
Blood from normal person.... 0.58

1.16

Blood from normal person.... 0.58
1.16

Blood from patient with per-
nicious anemia ...... ..... 0.58

1.16

Minute
constant

0.57
0.24

0.78
0.33

1.61
0.81

Thus it is seen that the permeability is raised
2.5 times, when the glucose concentration is
halved.

In addition, the Q1o of the blood from 3 per-
sons, 2 of whom were suffering from pernicious
anemia and one was normal, was determined.
The variations in the temperature were produced
by passing water at different temperatures through
the spiral glass in the container holding the blood
cell suspension.

Temperature range
o C.

Blood from normal person ...... 12 to 22
Blood from patient with perni-

cious anemia.11 to 21
Blood from patient with perni-

cious anemia ................ 11 to 21

Qio

5.0

5.5

6.25

These experiments gave, therefore, a resulting
Q10 varying from 5.0 to 6.25, i.e., values which are
considerably higher than those obtained by Bje-
ring. To ascertain if the reason for this di-
vergence might lie in the utilization of different
suspension fluids, a further series of tests was

3 The constant calculated from Fick's formula is called
the minute constant (M-C), when the time unit is one
minute. A high M-C reading corresponds with a rapid
diffusion, a low M-C reading with a slow diffusion.
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carried out with Christensen-Warburg's fluid,4
and the same Q10 obtained as in the aforemen-
tioned experiments. Bjering used higher degrees
of glucose concentration (2 to 4 per cent) than
those employed in the above experiments, and it
is possible that this factor may account for the
considerable differences in the resulting readings.

The experiments recorded in this paper were
performed at a temperature of about 200, and the
constants obtained have been corrected to 200,
being calculated for a Q10 of 5.5, except in those
instances in which the Q10 is directly estimated.
The interval of time before the blood is used for
the test undoubtedly plays a part in relation to
the minute-constant; glucose diffuses through the
blood cell membranes more readily when the blood
employed is fresh than when it has stood for
some hours. In the present series of experi-
ments, the blood had stood for 4 hours or longer
prior to its being used. After such an interval
there occurs only very slight further alteration in
the permeability judging from the few control
tests performed. In this connection, however,
there is a source of error, inasmuch as a control
test was not performed in every case to determine
how much the permeability had changed since the
withdrawal of the sample or how much it might
have changed if the blood had been allowed to
stand for a still longer period.

The individual variations determined in the
permeability to glucose, which were moreover
much less than those shown in the case of glycerin
and the blood from different rabbits, would have
been more reliable if it had been possible in some
way to stabilize the permeability of the blood cells
immediately after the withdrawal of the blood.
Preliminary tests, performed with this aim, did
not, however, lead to any satisfactory result. Un-
til further evidence is forthcoming, therefore, the
best method of procedure without any doubt is to
allow the blood to stand for so long a time that its
permeability becomes more or less constant.

The permeability of the blood cells to glucose
was investigated in 12 normal persons (Table I).
The minute-constant here is seen to have varied
within quite narrow limits, viz., 0.20 to 0.32, giv-

4 Christensen-Warburg's fluid contains 11.5 grams
Na,(COO)X, 0.315 gram KH2PO,, and 1.365 grams
Na,HPO, per liter.

TABLE I

Normal persons

Case Sex Age Glucose M-C
number

years
3 M 20 0.30

11 M 29 0.26
12 M 35 0.32
27 M 20 0.20
30 M 69 0.20
38 F 12 0.24
63 M 8 0.32

132 M 34 0.31
133 M 21 0.24
134 M 23 0.29
135 M 22 0.29
136 M 21 0.27

Average 0.27
Total 12 Maximum 0.32

Minimum 0.20

ing an average of 0.27. In 2 normal persons the
permeability was tested at intervals of some days
(Table II) and showed only small divergences

TABLE II

Normal persons on different days

nCmaser Date Glucose M-C

12 December 13 0.33
December 17 0.30
April 4 0.33

Average 0.32
132 January 10 0.35

March 4 0.30
March 7 0.28
March 9 0.28
March 10 0.31
March 11 0.32
March 16 0.30

Average 0.31

from the average in these same, namely, a maxi-
mal variation of plus 0.04 and minus 0.03, i.e.,
roughly 13 per cent.

The alteration in the permeability of rabbits'
blood cells to glycerin after venesection, shown by
0rskov (6), prompted the experiments recorded
in Table III in relation to the permeability of the
blood cells to glucose in the case of human beings
in the regenerative stage after gastro-intestinal
hemorrhage. In this series, the same average
M-C was found as in normal persons, viz., 0.27.
The range of variations on the other hand is seen
to have been larger, namely, a maximal plus 0.12
and minus 0.12. The variations do not appear to
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TABLE III

Posthemorrhagic anemia

Case Hemo- Re Color
nun- Diagnosis globin blood index M-C

ber celis

per cent million
1 Ulcer of duodenum; hematemesis; leu-

kopenia 41 2.1 1.0 0.39
4 Duodenitis, hematemesis 64 3.3 1.0 0.26
5 Hematemesis 95 4.75 1.0 0.24

24 Ulcer of duodenum; melena 48 2.5 1.0 0.20
26 Cirrhosis of liver; hematemesi 37 2.7 0.7 0.28
29 Ulcer of duodenum; hematemesis 59 2.7 1.1 0.24
37 Hematemesis 41 2.1 1.0 0.15
59 Ulc. ventriculi 34 1.9 0.9 0.35
70 Hemorrhoid tumor; melena 41 3.5 0.6 0.35

Total Average 0.27
9 Maximum 0.39

Minimum 0.15

stand in any dependent relationship to the degree
of anemia.

Thus a minute-constant of 0.40 or over was not
found in association with posthemorrhagic ane-

mia. This figure too is much above that of the
readings obtained from normal persons. A mi-
nute-constant above 0.40 was, however, regularly
noted in cases of untreated pernicious anemia,
such as will be described in greater detail in the
subsequent pages. It was a matter of interest
therefore, to ascertain if similar conditions in rela-
tion to the permeability are present in other con-

ditions. The provisional observations from such
an investigation are recorded in Table IV, from
which it is seen that in the large majority of the
patients examined the M-C was below 0.40 and in
most instances within the range of the readings
obtained from normal persons. (A point of spe-

cial interest was the finding of normal values in
2 cases of leukemia, Cases 42 and 43.)

An increased permeability to glucose, i.e., M-C
over 0.40 was found in 2 patients. The one case,

Number 28, was that of an osteitis deformans
(particularly of the pelvic bones) complicated by
a mild degree of anemia with hemoglobin 89 per

cent, red blood cells 4 million. Here the M-C
persisted practically unaltered, while the anemia
was cured with iron (hemoglobin 99 per cent, red
blood cells 5.07 million). The other case, Num-
ber 50, concerned a young man with diabetes in
whom the control of the blood sugar presented
certain difficulties. In this patient it was not pos-

sible to define the presence of any other abnor-
mality, particularly no anemia. However, in two
other cases of diabetes, Numbers 21 and 35, we

obtained normal readings of the M-C for glucose.

The maximal variation between two tests from
the same individual performed at different times
(Table II) amounted to 25 per cent of the lowest
values read. Among the 12 normal persons (Ta-
ble I) the greatest variation was one of 60 per
cent of the lowest reading, and among the cases
of posthemorrhagic anemia (Table III) one of
160 per cent. If the patients with miscellaneous
diseases be considered, apart from the two cases
mentioned above in which the M-C was above
0.40, the maximal difference in this group was
one of 124 per cent. The wide divergences seen
in Tables III and IV certainly cannot be explained
as technical errors, but must be interpreted either
as individual variations or as alterations of perme-
ability occasioned by disease. With regard to the
smaller variations to be noted in Table I the ques-
tion as to whether we have to take individual dif-
ferences into account must for the present remain
undecided.

In contrast with the conditions obtaining in sim-
ple posthemorrhagic anemia we found, as stated,
a strikingly increased permeability of the red cells
from untreated cases of pernicious anemia. From
Table V it is evident that in all 4 cases the M-C
was increased, ranging from 0.42 to 1.14 and
with an average of 0.82, while the patients with
posthemorrhagic anemia, as well as the normal
persons, presented a M-C averaging 0.27 with a

TABLE IV

Miscellaneous

Case Glucose
num- Diagnosis M-C

ber

7 Hypertonia; meningeal hemorrhage 0.19
17 Hepatitis acute 0.28
18 Hyperthyroidism 0.33
21 Diabetes mellitus 0.20
28 Osteitis deformans 0.42
31 Pneumonia 0.21
32 Undulant fever 0.20
33 Chorea 0.22
34 Arthritis; anemia 0.18
35 Diabetes mellitus 0.26
36 Gastritis 0.30
42 Acute myeloid leukemia; anemia 0.23
43 Acute myeloid leukemia; anemia 0.30
48 Hypothyroidism; anemia; epilepsy 0.26
50a Diabetes mellitus prior to insulin 0.51
50b Diabetes mellitus after insulin, on same day 0.51
50c Diabetes mellitus after insulin, 9 days later 0.44
51 Cirrhosis of liver; anemia 0.21
60 Sequelae to thrombopenia 0.38
62 Chronic nephritis; puerperium; anemia 0.32
65 Morbus cordis; hypertonia; anemia 0.19
97 Acute hepatitis 0.17
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maximal reading of 0.39. The rise in the perme-
ability is seen to stand in no simple relationship
to the degree of the pernicious anemia as ex-
pressed by the hemoglobin percentage, red cell
count and color index. Thus the highest M-C
reading was 1.14 and the lowest 0.42, with about
the same degree of anemia in each case, viz., re-
spective hemoglobin percentages of 37 and 35 and
red cell count of 1.45 and 1.33 million.

TABLE V

Pernicious anemia untreated

Casp Hemo- Red blood Color Glucose
number globin cells index M-C

per cent miUion
2 72 2.65 1.35 0.92

15 37 1.45 1.28 1.14
88 23 0.74 1.55 0.81

100 35 1.33 1.32 0.42

Average 0.82
Total 4 Maximum 1.14

Minimum 0.42

In the other 6 cases of pernicious anemia 5 the
permeability tests were performed after the com-
mencement of specific treatment (Table VI).

TABLE VI

Pernicious anemia during treatment

Case Hemo- Red blood Color Glucose
number globin cells index M-C

per cent million
8 76 3.1 1.23 0.81
9 82 4.0 1.02 0.21

23 70 2.9 1.21 0.46
44 81 0.20
46 81 4.1 0.99 0.48
49 46 1.5 1.53 0.72

Average 0.48
Total 6 Maximum 0.81

Minimum 0.20

Two of these gave the normal readings (M-C 0.20
and 0.21) and in the remaining 4 cases an in-
creased reading (M-C 0.46 to 0.81). In these
6 patients, just as in the untreated cases, no defi-
nite parallelism was found between the degree of
anemia and the value of the permeability read.

5Weoffer our thanks to Dr. K. H. Krabbe, Physician-
in-charge of the Department for Nervous Diseases, Kom-
munehospital, for the opportunity to examine Cases 44,
46 and 49.

The observation that two of these patients ex-
hibited normal permeability suggests that the spe-
cific treatment was responsible for the effect.
More detailed information on this point is fur-
nished by the accompanying curves which show
the course of the anemia and of the permeability
during treatment.

M-C. h exh
1 -20
1*10
I.00
0.90
0-80
0-70 I
0.60 1
0.50
0 40 , . _
0-30
0\20 1_________

Hb.R.G-
60 3
50
40 2
30
20 1
10

10 30 * 40 50 Doas
FIG. 1. CASE15 (TABLE V). NoT PREVIOUSLYTREATED.

Treatmentt. Hepsol 4 cc. daily intramuscularly (h);
tonicum "DAK" 10 cc. t.d. (hatched); exhepa 1 dose
t.d. (exh.), reduced iron 0.5 gram t.d. (solid black).

The upper curve in each Figure indicates the M-C
drawn *- *, the lower curve the hemoglobin per-
centage shown by X X, the red-cell count in mil-
lions 0 0, and the reticulocyte percentage ....I@;
the commencement of the specific treatment is indicated
by an arrow. The abscissae show the number of days
after admission to hospital.

Characterizing these curves is the pronounced
decrease in the permeability readings which as-
sumed entirely normal values during the treat-
ment in every case.

This decrease, however, is lacking in Figure 5.
This patient had been undergoing treatment over
a long period prior to admission. In this instance
the permeability rate was normal from the be-
ginning of the examination and continued so.
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0 01 I i- '4. I I1 I .I_ I I I~

0 20 - 40 - 60 - 80 * 100 DoSs
FIG. 2. CASE 23 (TABLE VI).

Until just before admission to hospital the patient had
been receiving liver by mouth and by injections.

Treatment. Hepsol 4 cc. daily (from single to double
arrow); campolon 2 cc. daily, later every second and
third day (from double arrow); pylorin 10 grams t.d.
(hatched).

Further, it is to be noted that the permeability
returned to normal in all the cases where there
was still a definite and in most instances a con-
siderable degree of anemia present. In these pre-
liminary experiments it has not been possible to
carry out observations over any length of time
during the untreated stage of the disease. The
fall in the M-C value before treatment, seen in
Figures 6 and 7, is so small that it is not neces-
sarily a genuine one. The possibility, however,
cannot be excluded that rest in bed and the hos-
pital diet among other factors may have had some
action upon the permeability. In Figure 6 the
permeability curve shows a gradual regular fall
from values bordering on the normal to com-
pletely normal readings. Figure 7 on the other
hand shows a sharp acceleration in the fall of the
permeability immediately after the beginning of
treatment. Since a similar fall occurs in Figures
1 and 3, it may be maintained with some convic-
tion that the fall was dependent upon the specific
treatment.

In Figure 7, there occurs a depression upon the
permeability curve corresponding to the rise in
the number of reticulocytes. It is possible that
the reticulocytes, amounting in this instance to
49 per cent of the circulating blood cells, are cells
with a particularly low permeability to glucose.
No weight, however, can be placed upon this ob-
servation unless it be possible to reproduce it.

Tests were conducted in relation to the perme-
ability rate for glycerin, thio-urea and malonamid
in fewer instances than the estimations of the
permeability rate for glucose. In spite of the
small amount of material investigated, these tests
furnished very interesting observations, so that
we shall therefore give a short account of the re-
sult obtained.

With regard to glycerin it was noted that the
permeability rate was lower in pernicious anemia
than in normal persons and that the administra-
tion of liver did not produce any alteration in the
rate (one case only examined, Case 15, Figure 1,
in which, however, there was observed a striking
effect upon the permeability rate for glucose). A

0.90
0*80
0 70
0.60
0- 50
0 40
0 30
0 20

HE. RB.C
80 4
70
60 3
50
40 2
30
20 1
10
0 0

10 30 * 50 70 Doays
FIG. 3. CASE49 (TABLE VI). NOr PREVIOUSLY

TREATED.

Treatment. Pylorin 10 grams once daily (from ar-
row); hepsol 4 cc. increasing to 10 cc. daily (stippled);
betaxin 2 cc. on alternate days (solid black).
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certain degree of conformity was shown in a se-
ries of cases between the permeability rates for
thio-urea and for glucose. Concerning thio-urea
there were noted quite large individual variations
which in their broad features resembled those ob-

M-C.
0.90
0 80
0 70
0 60
0@500. so

H
a
I

I

4

I

U 4U A---------
0 -30

lb. RB.C _
W0 4-

60 3
50
40 2
30
20 1
10
n n I I I I I .I I .

0 * 20 * 40 * 60 * 80 * 100 * 120 Doas

FIG. 4. CASE 8 (TABLE VI). TREATEDWITH LIVER FOR
ABOUT12 MONTHSUP TO THE TIME OF ADMISSION.

Treatment. Exhepa 1 dose t.i.d. (exh.); hepsol 4 cc.

daily (h); campolon 2 cc. daily (c); pylorin 10 grams

b.i.d. (p); reduced iron 0.5 gram td. (solid black);
hydrochloric acid 20 drops td. (HCI).

served for glucose. Two cases of pernicious ane-

mia showed at first a permeability rate for thio-
urea which was twice as high as the normal figure,
a difference which disappeared during the course

of treatment.
Concerning malonamid a series of patients ex-

hibited a constant permeability rate showing a

deviation of less than 10 per cent from the average

reading. Two cases of pernicious anemia with an

increased permeability to glucose were studied,
and an increased permeability rate for malonamid
was found. In the one patient (Case 23, Table
VI, Figure 2) the increase was one of 15 per cent
above the previously mentioned average value, and
in the second case (Number 15, Table V, Figure
1) an increase of 42 per cent. This latter case

exhibited a normal permeability rate at the end of
20 days' treatment.

In our series of cases of pernicious anemia, the
diagnosis rested upon the general examination and
the blood picture, supplemented by repeated test
meals, as well as by the reaction to specific treat-
ment (in Case 8, Figure 4, and Case 9, Figure 5,
this reaction was confirmed by the response shown
during previous admissions to hospital). Marked
paresthesia was exhibited by Cases 8, 9, 23, 88 and
100, and characteristic myelopathies were noted in
Cases 23, 44 and 49. In Case 15, Figure 1, x-ray
examination revealed changes in the stomach
which might be interpreted as a carcinoma of the
pylorus. The pernicious anemia in this case must
therefore be regarded as having been probably
complicated-if not occasioned-by a carcinoma
of the stomach. The patient has since died from
cachexia with severe ascites (no autopsy).

10 * 30 * 50 * 70 - 90 * 110 Days
FIG. 5. CASE9 (TABLE VI). TREATEDWITH VENTRICU-

LIN UNTIL ADMISSION.
Treatment. Hepsol (h); Ext. hepatis "GEA" (g);

campolon (c); pylorin (p); iron (solid black).

In making any attempt to explain the increased
permeability of the blood cells in pernicious ane-

mia (to glucose, malonamid and thio-urea) we

stand upon very uncertain ground. The size of
the blood cells does not explain the increased

Hb.
90
80
70
60
50
40
30

20

10
0

lexh Ih Cl PI
,HCI'IIHC4
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permeability. As is evident from the color index
and from Price-Jones' curves the number of mi-
crocytes is small in relation to the number of very
large blood cells. These latter must therefore be
expected to control entirely the permeability rate,
and since the thickness of these same cells is prob-
ably not less than that of normal cells, the glucose

M-C.
0 -50
0 40 - __
0-30 I
0.20 _

Hb. RELC -

70
60 3
50
40 2
30
20 1 I

0% I-AI A I I I I IU U

and 7), namely, the changes in the permeability at
a point of time when the therapeutic action upon
the hemoglobin percentage, the number of red
cells and reticulocytes was still comparatively
slight. If this be the correct explanation, one is
led to correlate other symptoms of pernicious
anemia also with an altered condition of the per-

2 6 *10t 14. 18 * 22 * 26 - 30 - 34 DoQYs

FIG. 6. CASE 100 (TABLE V). NOT PREVIOUSLY TREATED.
Treatment. From arrow onwards-Exhepa fortior " Ferrosan" 4 cc.

daily.

within these blood cells has the same or a greater
distance to traverse in comparison with the condi-
tions present in normal blood cells, a circumstance
which cannot give rise to an increased permeabil-
ity. Moreover, the observation that glycerin,
practically speaking, permeates more slowly into
the blood cells from cases of pernicious anemia
shows that the explanation cannot be so simple.
One is therefore forced to assume that the struc-
ture or the function of the cell membrane is of a
peculiar quality in pernicious anemia.

To explain the changes noted during the course
of treatment it is possible to consider: 1, an altera-
tion in the membrane of the blood cells in the
circulating blood stream; 2, an extensive forma-
tion of new blood cells with a low permeability;
and 3, a diminished destruction of blood cells with
a consequent rise in the average age of the circu-
lating blood cells.

In support of the first possibility was the extra-
ordinarily rapid effect of the treatment upon the
permeability noted in a few cases (Figures 1, 3

meability in different body tissues and thereby
find a suitable interpretation of the strikingly
rapid improvement of certain subjective symptoms
often to be noted. The permeability of the circu-
lating blood cells is increased in experimentally
produced lead poisoning (Henriques and Qrskov
(9)). Moreover, a certain analogy between lead
poisoning and pernicious anemia may be seen in
the fact that in both diseases, in addition to the
established increase in permeability of the red
blood cells, there may be found marked changes
in the nervous system.

The assumption of an extensive and rapidly ap-
pearing formation of new blood cells having a
low permeability meets with certain difficulties.
The circumstance that the red cell count does not
rise rapidly during the first few days following
the commencement of treatment might thus seem
to disprove any extensive formation of new blood
cells, and the course of the reticulocyte curves
suggests the same objection.

There are grounds, however, for supposing that

286

I

I
I

A
I

1



PERMEABILITY OF RED BLOODCELLS

the life of the blood cells in untreated pernicious
anemia is considerably shorter than the normal.
Thus Morawitz (10) observed a very consid-
erable consumption of oxygen in such blood cells,
similar to the consumption he had found in very
young blood cells; and further, the markedly in-
creased excretion of bile pigments, etc., shows that
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longed average life should result in a lowering of
their permeability, is confronted with the same
objections mentioned in reference to the second
explanation above, namely, that the percentage of
hemoglobin and the blood cell count do not show
corresponding changes. The further assumption
is required that the production of blood cells is

the destruction of blood cells is greater than that
normally occurring. The reticulocytes too would
seem to have a short life.6 If, for example, we

assign a life of only 4 days to the blood cells in
pernicious anemia, then as early as at the end of
one day's treatment with liver we should be able
to find 25 per cent of the blood cells exhibiting an

altered permeability. Such a sequence of events
is undoubtedly possible.

The hypothesis that an immediate result of the
specific treatment is the occurrence of a dimin-
ished destruction of red cells, whereby their pro-

6 In this connection, however, the attention may be
drawn to our observation of a normal permeability to
glycerin, while in rabbits a raised permeability to glycerin
was a marked phenomenon in the newly formed blood
cells following venesection. The explanation, however,
may possibly lie in differences in the nature of the blood
cell membranes.

also reduced, at any rate temporarily, during the
first days of treatment. By adopting the sup-

position of an altered degree of destruction we are

led back to the older theories concerning the
pathogenesis of pernicious anemia, which assume

an increased destruction of the blood cells as be-
ing the primary lesion.

The hypothesis that all young blood cells are
more readily permeable to glucose is, however,
hardly valid, since an increased permeability
should then be also demonstrable in posthemor-
rhagic anemias, when the freshly formed blood
cells must amount to a relatively large proportion
of the total count. As is evident from Table III
there is no suggestion of such a finding, so that it
is necessary to add to the above hypothesis the
conception of special conditions obtaining in the
newly formed blood cells appearing in pernicious
anemia.

2 * 6 * 10 * 14 - 18 * 22 * 26 * 30 * 34 - 38 - 42 46 DaQs
7. CASE 88 (TABLE V). No REGULARPREvious TREATMENT. HARDLYANY TREAT-

MENTAT ALL DURING THE MONTHSIMMEDIATELY PRIOR TO ADMISSION.
Treatment. From arrow onwards-pylorin 10 grams b.i.d. and campolon 2 cc. daily.
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SUMMARY

The extent and nature of the variations in the
permeability of the red blood cells in different
individuals has been studied with special reference
to their permeability to glucose. Some of the
factors exerting an influence upon the permeabil-
ity are examined in detail.

1. By increasing the concentration of glucose in
the suspension fluid from 0.58 per cent to 1.16 per

cent the permeability is reduced 2.5 times.
2. In the performance of the experiments in

question the Q10 was 5.0 to 6.25.
3. The variations in the normal permeability to

glucose were found to exceed the limits of any

technical error, being probably an expression of
individual differences.

4. In posthemorrhagic anemias, comparatively
large variations were noted without any relation-
ship to the degree of the anemia, and no increased
permeability was found.

5. Entirely similar variations were found in a

series of miscellaneous diseases.
6. In one case of osteitis deformans and in one

among three cases of diabetes a definitely in-
creased permeability was noted.

7. Ten cases of pernicious anemia were exam-

ined. In 4 untreated cases, the permeability was

markedly increased (to as much as 4 times the
average normal reading), while the same condi-
tions were noted in 4 out of 6 cases tested during
the specific treatment.

8. In 7 cases of pernicious anemia the perme-
ability was tested periodically during the course of
treatment, during which it became normal in each
case.

9. The effect of the specific treatment upon the
permeability became demonstrable early and in
2 instances was noted to begin after 1 to 3 days'
treatment. In all the cases, normal readings were

obtained at a time when a high degree of anemia
still persisted.

10. Individual examinations of the permeability
to malonamid and to thio-urea yielded results sim-
ilar to those observed in the case of glucose, while
the permeability to glycerin was found to be nor-
mal in pernicious anemia, and to be unaffected by
specific treatment.

11. The possible mechanism of the increased
permeability in pernicious anemia and the effect
of specific treatment are discussed.
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