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Recent observations of sprue (1), pernicious
anemia (2), tropical macrocytic anemia (3) and
the pernicious anemia of pregnancy (4) have led
to the hypothesis that a dietary deficiency of vita-
min B 3 or some closely allied substance is re-
sponsible both for the anemia and for the clinical
manifestations of these diseases. Animal experi-
ments designed to test this hypothesis (5, 6, 7)
have yielded results which vary with the species
of animal employed. This and the fact that
macrocytic anemia does not occur in animals as
a spontaneous entity constitute limitations which
made it seem desirable to study the problem in
human beings. The occurrence in pregnancy of
a syndrome which resembles pernicious anemia
and the other macrocytic anemias in every im-
portant respect except that it is temporary sug-
gested that there may develop during that period
a temporary deficiency of factors necessary to
prevent macrocytic anemia. If the assumption
is correct that vitamin B is the responsible factor
one would expect to encounter a high percentage
of anemia of this type in women who, by force
of circumstances, were taking a diet during preg-
nancy which was deficient in vitamin B. Preg-
nant patients taking poor diets have been observed
by Strauss and Castle (8) to develop macrocytic
anemia late in pregnancy. The subjects of that
investigation consumed diets deficient in many
substances, however, and it was impossible to be
certain whether one alone of the missing factors
was responsible for the development of the
anemia. It seemed desirable, therefore, to deter-
mine whether pregnant women such as those
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members of the vitamin B complex. Individual members
are referred to as vitamin B%, B%, etc.

studied by Strauss and Castle would develop this
form of anemia when their habitually inadequate
diet was supplemented to bring it to the level of
full caloric requirements and otherwise adequate
conditions but without any attempt to supply de-
ficiency of vitamin B. It may be noted that these
patients admitted to an obstetrical clinic were sub-
sisting on a diet deficient in calories as well as
vitamins. Any resulting anemia under these cir-
cumstances may be attributable to general nutri-
tional deficiency or to vitamin inadequacy. It
was the purpose of this study to determine which
factor is significant. Every other known essen-
tial was therefore added to the diet and such
amounts of vitamin B as had been taken in the
previous diet continued to be given but no at-
tempt was made to increase this factor, the im-
portance or unimportance of taking which was
the object of the study. By careful clinical ob-
servation the early signs of vitamin B deficiency
previously described in a report from this Clinic
(9) were sought and when detected were promptly
relieved by the administration of brewer's yeast
or liver extract. The present communication is
a report of studies made chiefly upon the blood,
gastric secretion and clinical manifestations of
these women from the 4th month of pregnancy
to term.

METHODSOF STUDY

The subjects of the study were selected from
among the patients attending the Outpatient Ma-
ternity Clinics of this and the Pennsylvania Ly-
ing-In Hospitals. Each subject was examined
every 10 to 14 days at which time a detailed rec-
ord was made of symptoms and physical observa-
tions. Blood was drawn without stasis from an
antecubital vein.

Seven clinical phenomena, manifestations of
vitamin B deficiency, recognizable from previous
study (9) were watched for in particular. The
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changes were: alterations of the tongue, gastro-
intestinal symptoms, paresthesias, impaired vibra-
tory sense, susceptibility to fatigue, edema and
tachycardia. The term "deficiency index" has
been used in the text to denote the number of
these phenomena manifested at any given time by
each individual. The deficiency index ranges
from 0 to 7.

The acuity of perception of vibration was de-
termined with a C tuning fork (128 vibrations
per second). A standard of reference was ob-
tained from normal persons who perceived a sense
of vibration for 20 to 30 seconds when the fork,
vibrating at maximal intensity, was placed over

were made in duplicate from smears of blood
stained immediately with brilliant cresyl blue,
1000 cells being counted. Morphological changes
in the cells were observed from smears of blood
prepared with Wright's stain. The infants were
examined and erythrocyte counts and hemoglobin
estimations were made at birth and at 1, 3 and 9
months of age.

RESULTS

Dietary requirements
The 11 subjects of this report took diets so con-

stant that the composition, the caloric and the
protein values could be estimated with accuracy.

TABLE I

Chart showing articles composing the diets of Group I

Vegetabes
Beans (kidney)
Potatoes
Turnips
Corn (canned)
Beets
Spinach
Onions
Cabbage
Rutabaga
Carrots

Fats
Butter
Mayonnaise
Lard

Cereals and starches
Cornmeal
Cream of wheat
Cornflakes
Rice
Macaroni
Spaghetti

Seasonings, etc.
Chocolate
Cinnamon
Molasses
Syrup
Honey, salt, etc.

Pastry and desserts
Bread
Crackers
Cake
Pie: apple

pear
Puddings: cornstarch without

rice J milk
gelatine

Candies
Jellies

Fruit
Apples
Pears
Grapes
Cocoanut

any bony prominence of the lower extremities.
Electrocardiograms and orthodiagrams were made
several times, as were also gastric analyses in
which the rate and the acid content of the fasting
secretion and the acid response to 50 cc. of 7 per

cent alcohol were determined. Titrations of acid
were carried out in the usual way with 0.1 normal
NaOH, using Topfer's reagent and phenolph-
thalein as indicators.

Erythrocyte counts were made in triplicate, us-

ing pipettes certified by the U. S. Bureau of
Standards. Hemoglobin values were determined
by the method of Stadie (10) which permits ac-

curate determination of hemoglobin concentration
to within 0.3 gram per 100 cc. of blood. Hemato-
crit determinations were made in duplicate using
Wintrobe tubes. Mean corpuscular volume and
mean corpuscular hemoglobin were calculated in
the usual fashion (11). Reticulocyte counts

Eight subjects hereafter called Group I consumed
throughout the period of observation a diet com-

posed of the articles shown in Table I. These
foods were taken in amounts which supplied ap-

proximately 50 calories and 1.5 grams of protein
per kilogram of body weight per day. The vita-
min B: calorie ratio of this diet was approx-

imately 1.66. The vitamin B per calorie require-
ment of these subjects at the beginning of the
observation, calculated from Cowgill's4 formula
(12), averaged 1.5 (Table II). Since the caloric
intake of these women remained essentially con-

stant throughout observation, their theoretical re-

4 Vitamin B

Calories B=.0000284 Weight grams.
Although the figure obtained by this formula of Cowgill's
applies strictly to vitamin B1, it is used here as an index
of the concentration of other vitamin B fractions since,
as far as is known, other fractions were present in the
diet in approximately the same concentration as B1.

Meat
Veal
Lamb
Corned beef
Frankfurters

Beverages
Tea
Coffee
Grape juice
Gingerale
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TABLE II

The theoretical requirement of vitamin B per calorie,* the
intake of vitamin B per caJorie ** and the deficiency

index of subjects of Group I at various times
during pregnancy

Bning of period Appearanceofdefinite Final examination after
of observation clinical phenomena administration of therapytt

Sub----____ -

nect Vit Vitamin n D Vitaminnum- Dy B Dar B D r ~ D.
D. D. D.or~~~calripreg-o Wora°ie 1t preg calorie L.t preg cralorie Lt ther,

nerequiredZun Zred requitd
1 82 1.8 0 238 2.0 7 271 2.1 2 35
2 102 1.5 0 264 1.6 4 280 1.6 2 16
3 112 1.5 0 234 1.7 6 269 1.7 1 35
4 96 1.3 0 233 1.6 5 277 1.6 1 44
5 107 1.6 0 249 1.9 5 277 2.0 3 28
6 96 1.5 0 249 1.8 3 277 1.8 0 28
7 62 1.4 0 232 1.7 7 280 1.8 1 48
8 138 1.8 0 266 2.2 6 279 2.2 1 14

Aver-
age 99 1.5 0 245 1.8 5 276 1.9 1 31

*From ~~~~Vitamin B_
From the Cowgill formula (12): Calie B .0000284Calories 0028

Weight grams.
** Vitamin B per calorie of diet = 1.66.
t D. I. = deficiency index.
tt Vitamin B per calorie of diet+therapy=6.55.

quirement for vitamin B increased in proportion
to the increase in weight. On the average, at
the 245th day of pregnancy this theoretical re-
quirement exceeded the vitamin B per calorie con-
tent of the diet. At approximately this same
time, also, definite clinical evidence of vitamin B
deficiency was observed and the characteristic
blood changes to be described were noticed. As
soon as these changes became clearly recognizable
21 grams of brewer's yeast 1 were administered
orally or 2 cc. of liver extract 6 were given intra-
muscularly daily until the termination of preg-
nancy. These materials increased the vitamin B
per calorie intake to 6.55, far exceeding the vita-
min B requirement. Following this procedure all
clinical evidence of deficiency disappeared and
blood values returned toward normal.

Group II includes 3 subjects who habitually
consumed a normal varied diet, having an average
vitamin B: calorie ratio of 2.8 (Table III). The
vitamin B per calorie requirement of this group
at no time exceeded the vitamin B content of the
diet and no definite clinical evidence of deficiency
or characteristic alterations in the blood were
encountered.

s This material was kindly supplied as " Brewer's
Yeast-Harris " through the courtesy of the Harris Lab-
oratories, Tuckahoe, N. Y.

6 Liver extract no. 343 (Lilly) for intramuscular use.

TABLE III

The theoretical requirement of vitamin B per calorie, the
intake of vitamin B per calorie and the deficiency

index of subjects of Group II at various times
during pregnancy

Beginning of period 8th to 9th Final
.. of obsvation month examination

S3ub- Vitamin ____ __
Ject B: - - _ _-- -- __ -

num- calorie D Vitamin Da Vitamin Da Vitamin
ber raio '~: B: D. 'o[ B: D. X B: D.

preg- calorie . preg- calorie I. preg- calorie I.
nancy ratio nancy ratio nancy ratio

_____ required required required
1 3.4 59 1.3 0 220 1.5 0 273 1.5 0
2 2.5 125 1.5 0 224 1.7 0 273 1.8 0
3 2.3 120 1.5 0 246 1.9 3 267 1.9 0

Aver-
age 2.8 101 1.4 0 230 1.7 1 271 1.7 0

* 21 grams of brewer's yeast administered to this subject
from the 253d to the 267th day of pregnancy increased to
10.2 the Vitamin B: calorie ratio of her diet during that
time.

Adequate intake of vitamins A, C and D and
of iron, in addition to adequate protein and total
calorie intake, was assured for both groups by
the daily addition to the diet of 150 cc. of orange
juice, one tablet of halibut liver oil concentrate
with viosterol 7 and 6 grains of ferrous sulphate.8

Changes in the blood

The following characteristic changes in the
blood developed during pregnancy in all of the
subjects of Group I: decrease in the number of
red blood cells, increase in mean cell volume and
in mean cell hemoglobin, macrocytosis, reticulo-
cytosis, and the appearance of many polychro-
matic cells, poikilocytes and young white cells.
These changes were greatest at the time that the
diet became theoretically inadequate in vitamin
B and when the clinical manifestations were
definite. The maximal changes in blood values
of the subjects of this group are given in Table
IV. The average number of red blood cells de-
creased 18 per cent and the mean cell volume in-
creased 21 per cent. There was a slight fall in
hemoglobin early in the period of observation
which did not equal the fall in red cells, so that
the mean cell hemoglobin increased on the aver-
age 14 per cent. The mean cell hemoglobin in-
creased further in certain subjects later in the

7 Obtained from E. R. Squibb and Sons.
8 Feosol was kindly supplied by the Smith, Kline and

French Co., Phila.
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period of observation but before vitamin B ther-
apy was begun. This was due to a return toward
normal of the total hemoglobin values without in-

TABLE IV

Maximal change in blood values of subjects of Group I

Initial blood Blood values at time of
Sub- values greatest anemia
jest

sum-
ber R. B. Hgb. Hema M. C. M. C.f R. B. Hgb. Hema- M. C. M. C.

C. tocrit V. Hgb. C. tocrit V. Hgb.

grams Wsi- grams nil

gram. usos
mit- per 1sem pe "me, ;Olions X00 per ;O ,x lion 100 Puter oX

CC. cent 0- CC. cent 10-
1 3.65 13.0 37.9 104 35.6 3.01 11.3 37.4 124 37.5
2 4.28 13.1 40.4 94 30.7 3.29 11.9 3&9 118 36.3
3 4.74 13.2 41.2 93 27.8 3.87 14.0 45.3 117 36.2
4 3.33 10.9 35.6 107 32.6 2.99 11.6 38.3 128 38.7
5 3.90 12.6 38.2 98 32.2 3.14 12.3 38.1 121 39.2
6 3.79 12.8 39.2 103 33.8 2.95 11.0 35.6 121 37.2
7 4.00 13.5 39.7 99 33.8 2.81 11.3 34.7 124 40.3
8 3.76 13.4 40.1 107 35.5 3.79 12.9 42.2 111 33.9

Aver-
age 3.93 12.8 39.0 100 32.7 3.23 12.0 38.8 121 37.4

Per
eent

of
ehange -18.0 -6.0 -0.5 +21.0 +14.0

* M. C. V. = Mean corpuscular volume.
t M. C. Hgb. = Mean corpuscular hemoglobin.

crease in the number of red cells. Alterations
in the blood first appeared 1 to 3 months after
observations were begun, concomitant with the
first appearance of clinical evidence of deficiency
(Figures 1, 2 and 3). These changes were at
first slight, becoming clearly recognizable only
later at which time therapy was begun. The per-
centage of reticulocytes gradually increased until
the administration of vitamin B was commenced,
the average maximum being 3.5 per cent. Dis-
tinct variation in size of the red cells was no-
ticeable at this time (Figures 4 and 5). Pale
staining macrocytes were frequent, as were poi-
kilocytes, polychromatic cells and immature white
cells.

Clinical observations
The symptoms and physical signs which ap-

peared in the subjects of Group I during the
period of observation were characteristic (Table
V). Alterations in the tongue and neurological
changes occurred in all subjects, the other char-
acteristic signs being less constant. The intensity

MONTHOF 4
PREGNANCY 6 7 8 9

FIG. 1. CHANGESIN AVERAGEBLOODVALUES OF 3 SUBJECTS OF GROUPI WHORECEIVED
THERAPYDURING THE 8TH AND 9TH MONTHSOF PREGNANCY.

Ret. = Reticulocytes. M. C. V. = Mean corpuscular volume. D. I. = Deficiency Index.
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MON1THOF 4 1 5 6 7 8 9
PREGNANCY

FIG. 2. CHANGESIN AVERAGEBLOODVALUES OF 2 SUBJECTS OF GROUPI WHORECEIVED
THERAPYDURING THE 9TH MONTHOF PREGNANCY.

3 r DEFICIENCY INDEX

MONTHOF 4 5 6 7 8 9

PREGNANCY

FIG. 3. CHANGESIN AVERAGEBLOODVALUES OF 2 SUBJECTS OF GROUPI WHORECEIVED
THERAPY DURING THE LAST 2 WEEKSOF PREGNANCY.

467



KATHARINE OSHEA ELSOM AND ALBERT B. SAMPLE

TABLE V

Clinical observations on subjects of Group I: Their incidence,
and time of relief following vitamin B therapy

Num- Average
ber of time

Clinical observations sub- of
jects relief

af- after
fected therapy

days of therapy
Tongue changes ................... 8 14 (5-39*)
Paresthesias ...................... 7 18 (9-28)
Susceptibility to fatigue ............ 6 14 (9-25)
Edema........................... 5 26 (9-35)
Gastro-intestinal symptoms .. ...... 5 17 (7-25)
Blood changes .................... 8 7t(5-14)
Impaired vibratory sense ...... .... 8 24 (17-35)
Tachycardia ...................... 4 19 (9-25)

* Figures in parentheses represent maximum variations
from the average.

t This figure represents time of first definite change in
reticulocyte count.

of the manifestations varied among the individ-
uals (for details see protocols), but once present
each symptom or physical sign, at first so mild
as to escape casual observation, persisted, usually
increasing until therapy was begun (Figures 1, 2
and 3). The first changes noticed were those in
the tongue. These changes started at the edges

'zz'.t '.

.. :.".. .7.'.b

of the tongue and later spread over the dorsum;
they varied from slight reddening, with or with-
out loss of papillae, to ulceration. The ulcers
were shallow, at first discrete, later coalescing,
with smooth red bases and white aphthoid edges.
They were painful, and in one of the subjects
were associated with ulcers of the lips. Changes
in the tongue always preceded gastro-intestinal
symptoms and occurred at approximately the time
when the women first complained of being easily
fatigued. The earliest gastro-intestinal symptom
was anorexia, followed by heartburn or a sense
of constant fullness in the epigastrium. Dys-
phagia was present in 2 subjects. Nausea and
vomiting were rare. Constipation was the rule,
but abdominal cramps with intermittent diarrhea
occurred twice.

Edema, extensive in one instance, was manifest
in most subjects as slight pitting on pressure over
the tibiae. An average increase in the pulse rate
of 16 per minute occurred. The cardiac rate fre-
quently was unstable. Prominence of the pul-
monary artery was seen on orthodiagraphy in
one-third of the subjects. No characteristic
change in resting blood pressure was observed.

....MM ...tR
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a.. 11

eSe}s exll 111 11 Dl~~~~~~~:5k

)~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~...
FIG. 4. PHOTOMICROGRAPHOF THE BLOOD OF SUBJECT NUMBER7 AT THE TiME OF

MAXIMAL ANEMIA. X 774. WRIGHT'S STAIN.
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NW

0I

FIG. 5. PHOTOMI1CROGRAPHOF THE BLOOD OF SUBJECT NuMlBER 1 AT THE TIMIE OF
NIAXIMAL ANEMIA. X 774. WRIGHT'S STAIN.

Impairment of vibratory sensation, which was
always preceded by paresthesias, occurred to some
degree in the lower extremities of all patients.
Decrease in the duration of the perception was
the first change noticed. This gradually pro-
gressed until, in some instances, the sense of vi-
bration was temporarily lost: first in the great
toe, and, in certain subjects, in all the toes and
over the malleoli and tibiae.

Gastric acidity anid rate of secretioni

No characteristic change in gastric acidity de-
veloped in either group. In 3 individuals of
Group I it decreased, in 3 it increased and in 2
no clhange occurred (for details see protocols).
The rate of secretion was quite constant, the av-
erage figure for all subjects being 44 cc. per
hour both before and after therapy.

Respontse to therapy
The administration of brewer's yeast or liver

extract produced relief from all characteristic
changes observed (Figures 1, 2, 3). No sig-

nificant difference in the effectiveness of these
two therapeutic agents was noticed. The per-
centage of reticulocytes decreased promptly to a
level below that observed at any time during the
preceding period of observation, and other young
forms disappeared from the blood. In some sub-
jects the decline in reticulocytes was preceded by
a brief rise, the maximal count observed being
5.6 per cent. The mean corpuscular volume and
the miean corpuscular hemoglobin declined stead-
ily; the red cells and the total hemoglobin in-
creased. The blood values returned most nearly
to normal in those subjects who received the
longest course of therapy. An independent in-
crease in- total hemoglobin occasionally took place
before yeast or liver therapy was begun; this was
attributed to the administration of iron with the
diet.

The clinical disturbances also responded
promptly to therapy (Table V). Improvement
in lingual changes and freedom from fatigue
were the first effects noticed, on the average, 14
days after therapy was begun. In general, the
phenomena first to appear were first to disappear.
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Before delivery, all the subjects were free of sig-
nificant symptoms and physical signs, except for
slight impairment of vibratory sense in two sub-
jects and for edema in one.

All subjects were delivered of full term normal
infants who have developed normally.

Observations on Group II

No striking changes were observed in the blood
values of Group II (Table VI, Figure 6). In
the late months of pregnancy a 7 per cent increase
in mean corpuscular volume occurred and occa-
sional macrocytes appeared in the blood smear
(Figure 7). Subject 3, whose theoretical re-
quirement of vitamin B had increased more than

0>
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~II 0,
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13

10040
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95

35
RET

4-
3-
2 -

_
- l%LUI

7

3

MONTHOf

PREGNANC
5 6

TABLE VI

Maximal change in blood values of Group II

Initial blood Blood values at time of
Sub- values maximal change
ject

num-
ber R. B. Hema- M. C M. C. R. B. Hgb. Hema- M. C. M. C

C. Hgb. tocrit V. Hgb. C. tocrit V. Hgb.

grams vel- grams mil- grams vol-$ gramsmit- per umes JA3 X ml per umes
IA

lions 100 per 10-12 lions8 100 per 10-12
CC. cent CC. cent

1 3.97 13.3 38.7 98 33.5 3.81 13.4 41.4 109 35.1
2 4.47 14.2 42.0 94 31.7 4.56 13.4 45.3 99 29.3
3 3.82 13.2 39.9 104 34.5 3.86 13.7 42.5 110 35.5

Aver-
age 4.09 13.6 40.2 99 33.2 4.08 13.5 43.1 106 33.3

Per
cent

of
change -0.2 -0.7 +7.0 +7.0 +0.3

7 8 9

FIG. 6. AVERAGEBLOOD VALUES OF SUBJECTS OF GROUP II.

that of other members of the group, developed
sore tongue and paresthesias, clinical disturbances
similar to the earliest shown by the subjects of
Group I. Both the clinical disturbances and the
blood changes in this woman responded promptly
to the administration of brewer's yeast. It must
be concluded that the diet of this individual,
though theoretically adequate, failed in the last
months of pregnancy to meet entirely the in-
creased requirement of vitamin B. This suggests
that the optimum requirement is, in some in-

stances, greater than that indicated
retical calculations.

by the theo-

DISCUSSION

The changes in the blood observed in Group I
were characteristic of those known to exist when
the bone marrow is hyperplastic, viz., moderate
anemia, associated with the presence of immature
cells. A substance necessary for normal bone
marrow activity, lacking in the habitual diet, was

supplied by yeast or by liver extract. That the
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return toward normal blood values was dependent
upon the administration of that substance and was
not a spontaneous improvement, such as some-
times occurs late in the microcytic anemia of
pregnancy (13), is shown by the fact that im-
provement took place only after therapy was be-
gun, regardless of the time in pregnancy, and that

acteristically seen in pernicious anemia, sprue,
tropical macrocytic anemia, pernicious anemia of
pregnancy and the mild macrocytic anemia of
pregnancy observed by Strauss and Castle. In
the present observations these changes took place
during a period when the intake of food contain-
ing vitamin B was inadequate and were relieved

_s~~~~~~~~~~~~~~~~~~- *,

w 0w wW%4

v~~e r

FIG. 7. PHOTO-MICROGRAPHOF THE BLOODOF SUBJECT NU-MBER2 OF GROUPII. X 774.
WRIGHT'S STAIN.

the return toward normal was greatest in those
subjects who received the longest course of ther-
apy.

The clinical disturbances in the subjects of
Group I formed a characteristic syndrome involv-
ing chiefly the gastro-intestinal tract and the ner-
vous system and were similar to those observed in
a previous study of clinical vitamin B deficiency
(9). The individual variation in intensity of
these manifestations was interesting and suggests
either that minor changes in the diet or environ-
ment or individual differences in susceptibility
may alter considerably the manifestations of a
given deficiency.

Both the clinical disturbances and the altera-
tions in blood values were analogous to those char-

by therapeutic agents known to be rich in vitamin
B. Further identification of the substance re-
sponsible for the changes noticed must remain
incomplete until various factors now grouped to-
gether as vitamin B are identified and separately
tested.

It is interesting to observe that the entire syn-
dromiie occurred without consistent change in gas-
tric acidity. This suggests that, while altered
gastric secretion of acid may be a late result of
deficiency, it is not the cause of the syndrome.

The close correlation of a calculated deficiency
in vitamin B with the actual deficiency suggests
that the formula of Cowgill indicates approxi-
mately the sufficiency of the diet in vitamin B.
The vitamin B requirement appears to increase
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during pregnancy with gain in weight in accord-
ance with this formula, a fact, which as demon-
strated by the present study, has suggested the
imnportant inference that a diet, adequate in vita-
min B at the outset of pregnancy, may fail to
meet the increased demand for that vitamin late
in pregnancy.

SUMMARY

1. Characteristic hematological changes and
clinical phenomena which developed in 8 pregnant
women have been related to a diet adequate except
for the amount of vitamin B which it contained.

2. The blood changes were: decrease in num-
ber of erythrocytes, increase in mean corpuscular
volume and mean corpuscular hemoglobin, macro-
cytosis, reticulocytosis, the appearance in the blood
smear of many polychromiiatic cells, of poikilocytes
and of immature white cells.

3. The clinical disturbances encountered were:
glossitis and ulceration of the tongue, impairment
or loss of vibratory sense, tachycardia, edema,
gastro-intestinal symptoms, easily induced fatigue
and paresthesias.

4. The blood and clinical changes responded to
brewer's yeast orally or to liver extract intra-
muscularly.

5. The clinical disturbances appeared, in gen-
eral, when calculations based on Cowgill's formula
indicated a deficiency in vitamin B.

I am indebted to the members of the Obstetrical Staffs
and of the Social Service Departments of the Pennsyl-
vania Lying-In Hospital and of this hospital for their
cooperation. I am indebted also to members of the Ed-
ward B. Robinette Foundation for their assistance in
taking electrocardiograms and orthodiagrams anid to Dr.
J. Harold Austin for his aid in preparation of the manu-
script. The assistance of Miss I. M. Dworak, of the
Dietetic Division of this hospital, in calculating the di-
etary requirements of the subjects is gratefully acknowl-
edged.
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TYPICAL PROTOCOLSOF GROUPI

(Observations recorded in these protocols are
those mnade at the beginning of the period of ob-
servation, shortly before therapy was begun, and
afterward. The abbreviations used are as fol-
lows: P - Pulse; BP - Blood pressure; RBC
Red blood cells (imillion) ; Hgb Hemoglobin
(gramns per 100 cc. of blood) ; Hemcrt - Hemiiato-

crit (volumes per cent) ; MCV Mean corpuscu-
lar volume (cubic mnicra) ; MCHgb Mean cor-
puscular hemoglobin (grams X 10-12) ; EKG-
Electrocardiogram; Ret Reticulocytes (per
cent) ; T.A. -- Total gastric acid (cc. 0.1 normnal
HCI).
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MACROCYTICANEMIA IN PREGNANTWOMEN

Subject 7 (D. P.): 21 years; para 0

December 19, 1934: Original observations on
subject 62 days pregnant. No symptoms, physi-
cal examination normal. P 88; BP 116/72.
Gastric analysis-Fasting contents: cc. of juice
per hour 20; free HQ 56, T.A. 60; 40 minutes
after alcohol: free HCI 48, T.A. 58. RBC4.00;
Hgb 13.5; Hemcrt 39.7; MCV99; MCHgb34.

June 7, 1935: Painful ulcers of the tongue have
developed and several of them have coalesced into
one which involves most of the dorsum. This
large ulcer is shallow, the base is red, and the
edges are white. Similar ulcers of the angles of
the mouth are present. Vomiting occasionally,
and intermittent diarrhea is present. Vibratory
sensation is impaired over all the toes. Moderate
edema over the tibiae. Complains of dysphagia,
burning in the esophagus, epigastric distress after
eating and abdominal cramps. Appetite is very
poor. Tires easily. P 88; BP 110/74. EKG:
unstable rate. Gastric analysis-Fasting con-
tents: cc. of juice per hour 40; free HQ54, T.A.
60; 40 minutes after alcohol: free HCI 44, T.A.
50. RBC2.81; Hgb 11.3; Hemcrt 34.7; Ret 2.1;
MCV124; MCHgb40; macrocytosis, occasional
megalocytes, polychromasia, occasional poikilo-
cytes.

June 9: Liver extract, 2 cc., given intramuscu-
larly, to be continued for the remainder of ob-
servation. June 13: Ret 3.1. June 18: Ret 5.4.
June 22: Ret 0.1.

June 25: During the last 17 days has received
2 cc. of liver extract intramuscularly daily. Ex-
cept for slight continued anorexia is without
symptoms and considers herself perfectly well.
Ulcers of the tongue and lips are entirely healed,
vibratory sense is normal, no edema. P 120; BP
122/88. EKG: unstable rate. Gastric analysis
-Fasting contents: cc. of juice per hour 52, free
HCI 30, T.A. 36; 40 minutes after alcohol: free
HCI 42, T.A. 58. RBC3.45; Hgb 11.6; Hemcrt
36.7; Ret 0.1; MCV 106; MCHgb 34. The
blood is normal in appearance, except for a mod-
erate number of macrocytes. The administration
of liver extract is discontinued and brewer's yeast
is to be taken orally until delivery.

July 25: Delivered of a full term normal male
infant weighing 8 pounds and 15 ounces.

Subject 3 (E. C.): 19 years; para 0

January 27, 1935: Original observations on sub-
ject 112 days pregnant. No symptoms; physical
examination is negative. P 72; BP 106/76.
Gastric analysis-Fasting contents: cc. of juice
per hour 60, free HCI 0, T.A. 18; 40 minutes
after alcohol: free HCI 12, T.A. 32. RBC4.74;
Hgb 13.2; Hemcrt 41.2; MCV93; MCHgb28.

April 13: The tongue is smooth and red. Vi-
bratory sense is normal, there is slight edema over
the tibiae. Complains of dysphagia, of marked
heartburn and of epigastric distress after eating.
Appetite is very poor. Constipation is marked.
Intermittent abdominal cramps. Severe pares-
thesias and cramps in the legs. Tires very easily.
P 112; BP 106/68. EKG: unstable rate. Gas-
tric analysis-Fasting contents: cc. of juice per
hour 36, free HCI 0, T.A. 6; 40 minutes after
alcohol: free HCl 2, T.A. 8; excessive mucus in
all specimens. RBC 3.87; Hgb 14.0; Hemcrt
45.3; Ret 2.1; MCV117; MCHgb36.2; macro-
cytosis, polychromasia, occasional poikilocytes.
The administration of 21 grams of brewer's yeast
daily is begun. April 20: Ret 2.6. May 5: Ret
1.9.

May 18: Except for- mild heartburn is without
symptoms and considers herself perfectly well.
The tongue is still redder than normal but the
papillae have regenerated. Vibratory sense is
normal. No edema. P 84; BP 102/78. Gas-
tric analysis-Fasting contents: cc. of juice per
hour 88, free HCl 8, T.A. 12; 40 minutes after
alcohol: free HCl 32, T.A. 40; no mucus. RBC
4.65; Hgb 15.6; Hemcrt 47.6; Ret 1.5; MCV
102; MCHgb34. The blood is normal in appear-
ance except for a moderate number of macrocytes.

May 29: Delivered of a full term normal female
infant weighing 7 pounds and 2 ounces.

Subject 1 (C. G.): 22 years; para 11
February 11, 1935: Original observations on

subject 82 days pregnant. Slight dysphagia,
physical examination negative. P 84; BP
106/64. Gastric analysis-Fasting contents: cc.
of juice per hour 68, free HCI 16, T.A. 44; 40
minutes after alcohol: free HQ 4, T.A. 18.
RBC3.65; Hgb 13.0; Hemcrt 38.0; MCV104;
MCHgb36.

April 15: The tongue is smooth, red and pain-
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ful. History of alternating constipation and di-
arrhea. Vibratory sense is lost over the great
toes and impaired elsewhere in the lower ex-

tremities. Edema is moderate over the tibiae.
Complains of marked dysphagia and heartburn.
The appetite is poor and epigastric distress occurs

after eating. Severe paresthesias and cramps in
the lower extremities. Tires easily. P 100; BP
114/84. Gastric analysis-Fasting contents: cc.

of juice per hour 20, free HCI 38, T.A. 58; 40
minutes after alcohol: free HCI 26, T.A. 36.
RBC 3.01; Hgb 11.3; Hemcrt 37.4; Ret 4.0;
MCV124; MCHgb 38; macrocytosis, frequent
megalocytes, occasional poikilocytes, moderate
polychromasia. The administration of 21 grams

of brewer's yeast daily is begun. April 22: Ret
5.4. April 27: Ret 5.1. May 4: Ret 2.8. May
15: Ret 2.5.

May 20: Slight anorexia and occasional diar-
rhea, otherwise free of symptoms. The tongue is
normal in appearance. Vibratory sense is nor-

mal. Slight edema. P 88; BP 116/78. Gastric
analysis-Fasting contents: cc. of juice per hour
52, free HCl 8, T.A. 16; 40 minutes after alcohol:
free HCI 28, T.A. 38. RBC 3.36; Hgb 11.7;
Hemcrt 38.6; MCV115; MCHgb35. There are

occasional macrocytes, poikilocytes and some poly-
chromatic cells.

May 29: Delivered of a full term normal female
infant weighing 7 pounds and 3 ounces.
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