
FOLIC ACID IN THE TREATMENT OF PERNICIOUS ANEMIA

By LEO M. MEYER, M.D.

B EGINNING in 1941 a group of investigators demonstrated that there is present

in liver, yeast, spinach, and grasses a substance which is necessary for the

growth of the Lactobacillus casei and the Streptococcus faecalis R . 16 This sub-

stance, which has been known as the L. casei factor, or folic acid, was isolated and

crystallized in 1943 and synthesized two years later.78 The structural formula was

announced as pteroylglutamic acid in 1946. � During this period another group of

investigators showed that the hematological changes (anemia and leukopenia)

which developed in rats sustained on a synthetic diet plus various sulfonamide

compounds could be prevented or cured if the animals received either crude or syn-

thetic L. casei factor.’#{176}’7 It was similarly found that the anemia, leukopenia,

diarrhea, and oral lesions which developed in monkeys fed a vitamin M-deficient

diet could be entirely relieved by the administration of folic acid.’8

Experiments with folic acid produced highly suggestive results in the treatment

of the various macrocytic anemias. In 1944 Castle and his co-workers fed purified

casein with various accessory factors of the vitamin B group to patients with

pernicious anemia.’9 They included folic acid among the substances tested but

obtained no hematological or clinical responses. However, the quantity of folic

acid used was only 1.3 to 3.6 mg. daily. A series of papers by Spies and his co-

workers reported the results of treatment with folic acid in pernicious anemia,

nutritional macrocytic anemia, and sprue.2024 These authors noted clinical improve-

ment on the 3rd to the 5th day, which preceded the reticulocyte rises. The appetite

became increased and glossitis gradually diminished. Paresthesias were also im-

proved but did not entirely disappear. This was the only reference made to involve-

ment of the nervous system. The hemoglobin and erythrocyte levels did not reach

normal and the reticulocyte responses were not as high as might have been antici-

pated with liver therapy. Moore and his group described their experiences with i

cases of pernicious anemia, i of sprue and i of macrocytic anemia of pregnancy

treated with folic acid.25 All of the patients improved clinically, had satisfactory

reticulocyte responses, and showed increases in the hemoglobin and red cells. In

the course of the 3 to � weeks during which the patients were followed, completely

normal figures were not obtained. Darby and Jones also used folic acid in the treat-

ment of sprue with similar clinical and hematologic results.’#{176} 27 One of their

patients, however, reached a level of 5.o million red cells. Zuelzer and Ogden

described a megaloblastic anemia in infants and children in which a series of 8

cases was treated with folic acid.28 Here again normal blood levels were not

reached during the period of time covered in the report.

From the Department of Medicine, Kings County Hospital, Brooklyn, New York, and The New

York Hospital and the Department of Medicine, Cornell University Medical College, New York, New

York.

Read at the Clinical Research Meeting, New York Academy of Medicine, June �, 1946.
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The present investigation was undertaken to study the effect of prolonged treat-

ment of pernicious anemia with folic acid on the blood picture and neurological

symptoms. Another group of patients was treated with suboptimal doses of liver

extract (� unit) plus folic acid to determine whether this combination would

produce a complete hematological remission and protect against or improve nerv-

ous system disease. One patient with macrocytic anemia following extensive resec-

tion of the small and large intestines is included since his clinical picture presented

a sprue-like syndrome.

Case i.-E. W., white female, aged 8o, was admitted to the Kings County Hospital because of weak-

ness and fecal and urinary incontinence of 4 months’ duration. The patient was disoriented and orthop-

neic. Appetite was poor. On examination her tongue was bright red and smooth. Slight icterus was

noted. A decubitus ulcer was present over the sacrum. Premature ventricular contractions were present.

Neurological examination was unsatisfactory but knee and ankle jerks were absent.

Laboratory data: No free HCI was found in gastric juice after histamine. Gastrointestinal series was

negative. The stools contained no occult blood. The Wassermann test was negative. Urine contained

numerous clumps of white blood cells. Hb. and red cells were 8.o Gm. and 1.1 million. Bone marrow con-

tamed alO,000 nucleated cells, 77 megakaryocytes, and 6 per cent megaloblasts. Other laboratory data

were blood sugar 2.86 mg./aoo cc.; icterus index s; cephalin flocculation 2. plus; total protein �.6 Gm./ioo

. cc. ; hematocrit 11.0 per cent. The patient was placed on an oral daily dose of �o mg. of folic acid. It was

difficult to get the patient to swallow the tablets or any food. By the end of the first week, however,

she voluntarily asked for food and accepted medication peacefully. The mental status did not improve,

however, and it was felt that this resulted largely from cerebral arteriosclerosis. The glossitis gradually

improved and finally showed a complete response. Reticulocytes rose to a maximum of 7.8 per cent as

compared to an anticipated rise of 14 per cent with liver extract. The hemoglobin and red blood cell

levels increased to 11.0 Gm. and 4.35 million respectively. The patient died of bronchopneumonia on

the 38th day, so that an extensive hematologic follow-up could not be made.

Comment: This patient showed a submaximal reticulocytosis but a satisfactory rise in hemoglobin

and red blood cells. No conclusion can be reached regarding complete hematological remission since

the patient expired on the 38th day of treatment. However, the clinical improvement and return of

appetite and general well-being are similar to those noted by other investigators.

Case 2.-S. B., white male, aged �6, was admitted to the Kings County Hospital because of weakness,

pallor, and inability to walk for the past 6 months. The patient had been told he had pernicious anemia

24 years previously but had had no therapy for the last half year. His appetite was poor. Paresthesias

of the hands were present. Examination revealed 2. plus edema of the legs; a tongue which was smooth

at the tip; hyperactive knee jerks with ankle jerks absent on the left side. Position sense was intact.

Vibratory sense was absent at ankles, knees, and iliac crests.

Laboratory data: No free HC1 was found in the gastric juice after histamine. Gastrointestinal series

was negative except for some diverticula in the sigmoid. The Wassermann test was negative. Other

data were icterus index ii.o; cephalin flocculation 2. plus; total protein 5.9 Gm./,oo cc.; hematocrit

11.0 per cent. The blood counts are listed in figure a. Bone marrow contained 70,000 nucleated cells, of

which 11.0 per cent were megaloblasts. The patient was placed on a regular ward diet and given �o mg.

of folic acid by mouth daily. Within 72. hours he experienced a striking increase in appetite, so that by

the 5th day he was eating double portions at each meal. On the 2.0th day the paresthesias were diminished.

A neurological examination on the l5th day disclosed negative Romberg; moderately ataxic gait; normal

position of toes; and absent vibratory sense at ankles, knees, and crests. On the 59th day the dosage was

changed to 2.5 mg. a day. The reticulocytes reached a peak of � per cent on the 8th day, as compared

with an anticipated rise to 39 per cent with liver extract. During this period the Hb. and red cells had

reached a stationary level of about 11.0 to 11.0 Gm. and 4.2.5 million respectively. Several experimental

fractions of liver were given on the 79th, 85th, 91st, and 98th days, but no distinct improvement in the

blood picture was noted. At the latter time a neurological examination disclosed a markedly positive
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52. FOLIC ACID IN TREATMENT OF PERNICIOUS ANEMIA

Rombcrg test, severe ataxia, position sense of right toe impaired, and absence of vibratory sense up to

lower end of sternum. On the io9th day the patient was started on parenteral liver extract and oral

yeast therapy. When seen on the i5oth day the Hb. was 14.0 Gm. , R.B.C. � .oo million. The patient was

walking better and had fewer paresthesias of the hands. The position sense was normal in both toes and

the Romberg test was equivocal.

Comment: This patient showed a satisfactory reticulocyte response but a plateau of the hemoglobin

and red blood cell counts at somewhat less than normal values was reached. The clinical response was

dramatic and encouraging. However, the gradual increase in severity of the neurological signs and symp-

toms became very pronounced after � months and the therapy was changed from oral folic acid therapy

to the parenteral administration of liver extract. This resulted in a rise of the hemoglobin and red blood

cells to normal levels and a distinct improvement in symptoms and signs of subacute combined sclerosis.

Case 3.-S. M., white male, aged 69, was admitted to the Kings County Hospital because of swelling

of right side of neck with choking sensation of one year’s duration. The patient had had mild diabetes

during the past 3 years, during which time he had lost 15 pounds. A sore tongue was noted 2. months

before admission, together with mild anorexia and paresthesias of the left hand. On physical examina

20

10

FIG. I. Case 2. The effects in pernicious anemia on hemoglobin, red cell counts, and reticulocytes fol-

lowing the administration of folic acid �o mg. orally daily. There is a striking and abrupt reticulocytosis

and a sustained but rather slow rise in red cell count. The red count reaches normal figures after liver

extract injections are given.

tion a mass io by 6 cm. in diameter was noted above the right clavicle. The tongue was not smooth.

No signs of thyroid toxicity were present. The prostate gland was moderately enlarged. Vibratory

sense was absent at the ankles and diminished at the knees.

Laboratory data: No free HC1 was present in the gastric juice after histamine. Stools were negative

for blood. Gastrointestinal series disclosed no ulceration or neoplasm. The trachea was shifted to the

left. Hypertrophic arthritis of the ist and 2.nd lumbar vertebrae and of the left hip joint was found.

Other data were icterus index i.�; cephalin flocculation I plus; blood sugar 174 mg.; creatinine 1.0 mg.;

urea 42. mg.; cholesterol I19 mg.; total protein �.8 Gm.; Wassermann negative. Sternal puncture showed

a megaloblastic bone marrow. Blood counts are listed in figure 3. The patient was placed on a regular

ward diet and given to mg. of folic acid intramuscularly, daily. Within � days a noticeable clinical

improvement was evident. Appetite increased and a pink color appeared in the patient’s cheeks and lips.

On the ,4th day he reported fewer paresthesias of his hands. Twenty-six days after therapy was begun

the patient noted slight vibratory sensation at the left ankle. The blood picture and reticulocytes in-

creased as indicated in figure z-. The peak reticulocyte count was 17.1 per cent as compared with an antici-

pated height of 2.2. per cent with liver extract. However, the Hb. and erythrocytes reached a plateau of

11.0 Gm. and 4.2. to a.s million, and on the 85th day the patient began to complain of naresthesias of
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his hands. In the meantime Feosol (6 tablets per day) had been started on the 7ind day, and the Hb.

and red crlls rose to a height of 13.7 Gm. and 6.o million respectively. Despite this hematological im-

provement, on the 98th day the patient complained of increasing paresthesias of the hands and feet.

The vibratory sense was now lost in the right lower extremity up to and including the iliac crest and was

greatly diminished on the left. No other neurological findings were present. At this time it was decided

to start liver extract therapy (30 units twice weekly) and folic acid was discontinued. This resulted in a

rise of Hb. and red cells so that on the ,47th day they reached i�.o Gm. and 6.3 million respectively.

The paresthesias of the feet disappeared, the hands improved, and on the last date indicated the vibratory

sense was normally present in both lower extremities.

Comment: This patient presents a somewhat similar picture to Case i. The reticulocyte peak was

slightly under the anticipated level and the hemoglobin and red blood cells reached a plateau below the

desirable figures. The administration of oral iron therapy in addition to the intramuscular folic acid

resulted in a satisfactory hematological remission but the downward progression of neurological signs

and symptoms continued. When folic acid was discontinued and intramuscular injections of liver extract
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FIG. t. Case .. The effects in pernicious anemia on hemoglobin, red cell count, and reticulocytes fol

lowing the administration of folic acid 2.0 mg daily intramuscularly. There is a sustained reticulocytosis

followed by a relatively slow increase in red cell count. The hemoglobin level was appreciably improved

by the administration of ferrous sulfate orally.

were substituted nervous system changes gradually disappeared and the patient was almost entirely free

of symptoms. The blood picture continued well above normal levels.

Case 4.-W. M., adult white male, aged 62. years, was admitted to the New York Hospital because

of weakness and dizziness of 6 months’ duration. Associated symptoms were a sore tongue, dyspnea on

exertion, and palpitation of the heart. There was also numbness and tingling of the feet with cramps

in the leg muscles. On examination the liver was felt a cm. below the costal margin; the tip of the spleen

was barely felt. The positive neurological findings were hyperactive ankle and knee jerks; right ankle

clonus; diminished vibratory sensation in both lower extremities, more so on the left.

Laboratory data: No free HCI present in gastric juice after histamine; stools negative for occult blood;

Mazzini test negative; gastrointestinal series and barium enema normal; urea nitrogen 2.3.0 mg.; total

protein 7.9 Gm.; icterus index 8; calcium 9.3 mg.; lumbar puncture negative. The bone marrow was

megaloblastic. Initial blood count was Hb. 6.o Gm., red cells 1.9 million. The patient was given a regular

ward diet plus 2.5 mg. of folic acid daily, by mouth. There was a rapid diminution in the patient’s com-

plaints with an improvement in his general well-being. After �t days of treatment the only positive

neurological signs were diminution of the vibratory sense at both ankles and knees with absence of

knee jerks. The patient still complained of feeling tired. The maximal reticulocyte count was at.� per
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54 FOLIC ACID IN TREATMENT OF PERNICIOUS ANEMIA

cent on the 6th day, as compared with an anticipated rise to 2.0 per cent with liver extract. When seen

on the it9th day of treatment the blood count showed a level at about 11.5 tO 13.0 Gm. of hemoglobin

and 4.0 tO 4.3 million red cells. The patient, at this time, complained of severe ringing in the ears and

of being dizzy, tired, and weak for the past 3 weeks. Neurological examination on this day disclosed

complete absence of vibratory sense at the ankles but present at the knees. The knee jerks were extremely

hyperactive.

Comment: The patient showed a relatively poor reticulocyte response to oral folic acid with a satis-

factory clinical improvement. The hemoglobin and red blood cells remained below the normal levels

up to 12.9 days of treatment, and a gradual increase in signs and symptoms of nervous system disease

developed. The patient has been placed on intramuscular liver extract therapy but sufficient time has

not elapsed to evaluate the efficacy of this change in treatment.

Case ,#{231}.-J.W. , adult white male, aged �8 years, was admitted to the New York Hospital because of

progressive weakness of 4 years’ duration. For the first 3 years of his illness the patient had received liver

therapy, to which he had reponded well. The positive physical findings were the presence of a recent

hemorrhage into the right fundus associated with tortuous retinal vessels. The liver edge was felt 4 cm.

below the right costal margin and the spleen 3 cm. below the left costal margin. The only neurological

finding was a slight hyperreflexia.

Laboratory data: Mazzini test negative; urea nitrogen 35 mg. ; total serum protein 7.3 Gm. ; icterus

index ii; stools negative for blood; free HCI absent in gastric juice after histamine; hypotonic saline

test for erythrocyte fragility normal; gastrointestinal series and barium enema were negative. Bone

marrow aspiration disclosed � per cent megaloblasts and 2.9 per cent erythroblasts. Hb. and red cells were

3.8 Gm. and ,.8 million, respectively. The patient was given a regular ward diet and �o mg. of folic acid

daily, orally. There was gradual improvement with disappearance of the weakness and fatigue. The

peak reticulocytosis was t6.6 per cent on the ioth day, as compared with an anticipated rise to 40 per

cent with liver extract. After it days of folic acid therapy a bone marrow aspiration showed a per cent

megaloblasts and 3 per cent erythroblasts. The reticulocytes fell to the pretreatment level on the t6th

day and the following day the folic acid was discontinued and liver extract, i� units intramuscularly

daily, was begun. The blood picture continued to improve and � months after the beginning of folic acid

therapy, and 4 months after liver therapy, the hemoglobin and red cells were 13.9 Gm. and � million

respectively.

Comment: This patient showed clinical and hematologic improvement on oral folic acid therapy.

The reticulocyte response, however, was below that which would have been obtained with liver therapy.

An attempt to produce a secondary response with liver extract after the reticulocytes returned to pre-

treatment levels was unsuccessful. It is significant that folic acid resulted in changes in the bone marrow

from a megaloblastic to a normoblastic type of erythropoiesis similar to that observed with liver extract.

Case 6.-T. F., adult white female, aged 6o, was admitted to the New York Hospital because of weak-

ness and fatigue of 15 months’ duration. At the onset of her illness the patient noticed soreness and

burning of her tongue, mouth, and throat, and an associated tingling sensation in the fingers and toes,

with loss of taste and smell. Recently the patient complained of dyspnea and palpitation on exertion

and a weight loss of 15 pounds. Physical examination showed the tongue smooth at the edges and the

spleen palpable t cm. below the costal margin. The neurological status was entirely negative.

Laboratory data: Mazzini test negative; no free HC1 in gastric juice after histamine; stools negative

for blood; gastrointestinal series normal; urea nitrogen 19 mg.; protein 6.3 Gm.; serum bilirubin i.a

mg.; hematocrit 13 per cent. Hb. and red cells were 4.8 Gm. and i.� million. Bone marrow aspiration

showed � per cent megaloblasts and to per cent macro-erythroblasts. The patient was placed on a regular

ward diet and given i� mg. of folic acid, orally. On this regimen there was a distinct improvement in the

patient’s clinical condition. On the i6th day of treatment taste sensation returned and the tingling sensa-

tions in the extremities disappeared. The reticulocytes rose to a peak of 14.4 per cent on the 5th day,

as compared with an anticipated level of 31 per cent with liver. On the ioth day the folic acid was dis-

continued and parenteral liver therapy (i� units daily) was instituted. This produced no secondary

reticulocytosis and the Hb. and red cells continued to rise slowly.
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Comment: This patient presents a similar picture to patient �. The patient responded well to smaller

doses of folic acid orally with improvement clinically and hematologically. However, the reticulocyte

response was less than half of what might have been anticipated with liver extract. With the institution

of parenteral liver extract therapy no secondary reticulocytosis occurred.

Case 7.-B. K. , adult white male, aged 47, was admitted to the Kings County Hospital because of

weakness of ii years’ duration. Occasional dizzy spells were present. No gastrointestinal or neurological

symptoms were elicited. Physical examination including a study of the nervous system was entirely

negative.

Laboratory data: No free HC1 was present in the gastric juice after histamine. No blood was found

in the stools. Gastrointestinal series was negative. Other data were icterus index 2.2.; urea 2.9 mg. ; cephalin

flocculation a plus; Wassermann test negative. Bone marrow was megaloblastic. Hb. and red cells were

9 Gm. and 1.6 million, respectively. The patient was given a regular ward diet and treated with io

mg. of folic acid and � unit of liver extract intramuscularly, daily. On this regimen rapid clinical im-

provement became apparent. The appetite returned to normal in t days and the patient began to gain

some weight. His color improved and the blood counts rose as indicated. On the 41St day of treatment

the Hb. and red cells were at normal levels and these continued to rise and have remained between i�.o

to i6.o Gm. and 5.o to 6.o million respectively. The reticulocytes reached a peak of 2.5.0 per cent on the

�ith day as compared to an anticipated rise of ii per cent with liver extract. On the 8oth day of treat-

ment the patient was placed on 30 mg. offolic acid twice weekly, intramuscularly. No change was noted

in the blood picture, and on the 111th day the dosage was changed to a� mg. biweekly. During the entire

period and up to the i,9th day of observation, the patient at no time showed any evidence of nervous

system involvement.

Comment: This patient was given the combination of suboptimal doses of liver extract with folic

acid, and as reported, the clinical response matched that noted when folic acid alone was administered.

More significant, however, were the reticulocytes, which doubled the anticipated response, and the

Hb. and red cells, which reached normal figures in 41 days. It would appear that the addition of folic

acid to liver extract produces a greater reticulocytosis with a normal blood count sooner than when

only liver extract is used.

Care S.-M. L., white male, aged 87, was admitted to the Kings County Hospital because of weakness

and poor appetite of, year’s duration. For the 3 months prior to admission epigastric distress had been

noted. There were no other symptoms referable to the gastrointestinal or neurological systems. On

physical examination the positive findings were: tongue smooth at the edges; liver palpable t cm. below

the costal margin; enlarged prostate and external hemorrhoids.

Laboratory data: Urine contained numerous pus cells; no free HC1 in gastric contents after histamine;

stools contained blood (small hemorrhoids present); gastrointestinal series negative except for diverticula

in the descending colon; icterus index �; blood sugar 98 mg.; N.P.N. 35 mg.; cephalin flocculation 3

plus; total protein 7.3 Gm. The bone marrow was megaloblastic. Hb. and red cells were 5.9 Gm. and

1.7 million. The patient was placed on the regular ward diet and given 5 mg. of folic acid and 4 unit

of liver extract, intramuscularly, daily. Clinical improvement in the patient’s condition was noted

after days, followed by a slow but distinct recovery. There was gradual appearance of color in the

cheeks and lips with a return of appetite and normal bowel habits. He was able to get out of bed on

the i4th day and, in spite of his age, reported that he felt well. The reticulocytes rose to 16.4 per cent

on the 7th day, as compared with an anticipated rise to 2.6 per cent with liver extract. Although the

peak was not as high as anticipated there was a plateau between 10 per cent and i6 per cent for 6 days.

The hemoglobin and red cells rose slowly and reached a stationary level of about 11.0 Gm. and 4.1

million respectively on the 54th day. No evidence of progression of neurological signs appeared but

the urine still contained large numbers of pus cells.

Comment: This patient represented a severe test of efficacy of this treatment, because of his age,

arteriosclerosis, enlarged prostate, cystitis, hemorrhoids, and diverticula. While the reticulocytes did

not rise to the desired peak it was felt that the elevated plateau of ,o per cent to i6 per cent for 6 days

compared favorably with the more usual quick rise and fall. The stationary level of Hb. and red cells
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Case zo.-C. F., white female, aged 6o, was admitted to the Kings County Hospital because of a burn-

ing sensation in her throat and abdomen of a year’s duration. The patient complained of mild anorexia,

below normal figures was probably due to the above-mentioned complications which are known to

prevent complete hematological remission even with intensive liver therapy.

Case p-A. P., white female, aged 49 years, was admitted to the Kings County Hospital because of

weakness of 4 years’ duration. No history of glossitis was obtained. The only gastrointestinal symptom

was an occasional loose tarry stool. The patient was not mentally clear, often contradicting herself,

and gave a disconnected story. The only positive physical findings were smoothness of the tongue at

the edges and a diminution of position sense in the left big toe.

Laboratory data: Cephalin flocculation i plus; icterus index io; urea 42. mg.; sugar io6 mg.; blood

Wassermann negative; cholesterol tio mg.; no free HC1 in gastric juice after histamine; stools negative

for blood. X-ray studies of chest and gastrointestinal tract were negative. Bone marrow puncture was

refused by the patient. Blood studies are listed in figure 3. The patient was placed on the regular ward

diet and treated with io mg. of folic acid and 4 unit of liver extract, intramuscularly, daily. Clinica

response with a remarkable improvement in the patient’s well-being was apparent within 72. hours

10

FIG. 3. Case �. The effects in pernicious anemia on hemoglobin, red cell count, and reticulocytes fol-

lowing the administration of folic acid 10 mg. orally daily combined with liver extract 4 unit intra-

muscularly daily. Note the sharp and marked increase in reticulocytes which is followed by an unusually

satisfactory red cell increase.

The return in appetite was exceptional, and she complained constantly of not getting enough to eat.

On the tist day there was a change of personality in the patient and her stream of thought improved.

Except for a tendency to frequent upper respiratory infections the convalescence was uneventful. The

peak reticulocytosis was 40.5 per cent on the 7th day as compared with an anticipated rise to 44 per cent

with liver extract. The Hb. and R.B.C. rose rapidly and reached normal levels on the 66th day. At this

time the patient felt entirely well. The tongue was normal and no neurological signs or symptoms were

present after 117 days of treatment.

Comment: This patient showed the complete efficacy of treatment using combinations of small doses

of liver extract and folic acid. The clinical response was excellent; the reticulocyte response satisfactory;

and the hematological remission complete. In addition, the minimal signs of glossitis and nervous

system involvement were entirely relieved.
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weakness, ‘ ‘indigestion,’ ‘ and constipation. She had lost to to 30 pounds in the 6 months prior to ad-

mission to the hospital. Physical examination showed slight icterus and her liver was felt t cm. below
the right costal border. Positive neurological signs were an equivocal Romberg and slight impairment

of vibratory sense at both ankles.

Laboratory data: Total protein 6.6 Gm.; total cholesterol i� mg.; blood sugar 8t mg.; urea � mg.;

cephalin flocculation 4 plus; icterus index to; stools negative for occult blood. Gastric analysis showed

absence of free HC1 after histamine. X-ray studies of gastrointestinal tract were negative. The bone

marrow was megaloblastic. Blood counts are presented in figure 4. The patient was placed on a regular

ward diet and treated with mg. of folic acid and 4 unit of liver extract, intramuscularly, daily. A sub-

jective clinical improvement was apparent in 48 hours. Her appetite increased and a pink color appeared

in her lips and cheeks. The patient complained less of the burning taste in her mouth, throat, and ab-

domen. The “indigestion” and weakness disappeared. On this regimen the reticulocyte peak was 41.3 per

cent on the 9th day, as compared with an anticipated rise to t� per cent with liver extract. The Hb.

SmgI Fotic acid d 1 I 35mgt ROic acid 1 2doses 15mg. Felic acid

� � tIV8l’ extractj a 3’cSOnits liver extractJ weekly - intranuxular 2 doxex eceekly -ire. -ReticsHbR.& � 4 ‘1’
60 15 &
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4
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FIG. 4. Case io, The effects in pernicious anemia on hemoglobin, red cell count, and reticulocytes fol-

lowing the administration of folic acid � mg orally daily combined with liver extract 4 unit intra-

muscularly daily. Note the abrupt and striking response in reticulocytes followed by an unusually marked

red cell increase.

and red cells reached a normal level of 13.0 Gm. and � million on the 65th day and have not fallen

since. The neurological status was entirely negative 100 days after treatment was started.

Comment: This patient also showed an excellent response to treatment with folic acid combined with

small doses of liver extract. The clinical response was completely satisfactory and the reticulocytes rose

to almost twice the anticipated figures; the hematological remission was complete. The minimal neuro-

logical signs and symptoms were entirely dissipated and the gastrointestinal complaints were reduced.

Case ii.-J. A., white female, aged 30, was admitted to the Kings County Hospital because of progres-

sive weakness, and numbness and spasticity of the legs of 3 months’ duration. The patient was unable

to walk alone or to control her bowels and bladder. She had had amenorrhea for 4 months and had lost

pounds in the last 4 weeks. A history of a severe sore red tongue i year previously was elicited. Physical

examination disclosed no atrophy of the lingual papillae. Vibratory sense was absent in both lower

extremities and up to the level of the 5th lumbar vertebra. Position sense in lower extremities was gone.

Knee and ankle jerks and biceps reflexes were hyperactive. Gait was ataxic and bilateral clonus and a

positive Babinski response were present.
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Laboratory data: Urea 3� nag.; blood sugar 88 mg.; icterus index it; blood and spinal fluid Wasser-

mann negative; no blood found in stools. No free HCI was present in the gastric juice after histamine.

Gastrointestinal series was negative. The bone marrow was megaloblastic. Hb. and red cells were 9.0

Gm. and 1.9 million. The patient was placed on a regular ward diet and injected with io mg. of folic acid

and 4 unit of liver extract, intramuscularly, daily. A dramatic improvement followed. In 48 hours her ap-

petite was improved. Three days later the patient felt � ‘rested’ ‘ in her legs and the ‘ ‘tightness’ ‘ was gone.

Within � days her appetite was so ravenous that she ate a double trayful of food at each meal. Sensations

of ‘ �shocks’ ‘ in her legs disappeared on the 7th day. Thirteen days after the beginning of treatment the

patient menstruated for the first time in 4 months. She began to walk, holding on to the bed or chairs,

on the �7th day. Control of bowels and bladder was regained on the ttnd day. On the t5th day her legs

felt stronger and a neurological examination on the 33rd day disclosed no changes in the organic reflexes

as compared to those on admission. The patient continued to improve clinically but the difficulty in

walking remained. The peak reticulocytosis was t� per cent on the i3th day. However, the patient had

a prolonged elevation of reticulocytes from the 7th to the tist day. The anticipated reticulocyte average

with liver extract would have been 8 per cent. The maximal blood counts reached were Hb. it.6 Gm.

and 4.�5 million red cells. On the 57th day the patient was started on 30 units of liver extract, intra-

muscularly, three times a week, plus vitamin B complex and brewer’s yeast. On the 98th day the Hb.

reached 11.9 Gm. and the R.B.C. 4.� million. The objective neurological signs were unchanged.

Comment: This patient represented the most dramatic case in the group studied. The clinical im-

provement with relief of neurological symptoms was so dramatic that it was felt justifiable to continue

this form of therapy to evaluate its efficacy. As described, all of her complaints referable to gastro-

intestinal, neurological, endocrine, and urological systems were relieved to an unexpected degree. The

reticulocyte response was triple that anticipated with liver extract and hematological remission was

almost complete. It was felt, however, because of the severity of the nervous system involvement and

the youth of the patient, that more intensive antineuritic therapy was warranted and so folic acid was

discontinued and liver, vitamin B complex, and brewer’s yeast substituted. After 40 additional days of

this therapy the Hb. and red cells were still at the same levels. Neurological examination was essentially

the same.

Case 12.-A. L., white male, developed nausea, vomiting, diarrhea, and weight loss at the age of i6

in 192.6. A macrocytic anemia was found. The diagnosis at the time was ulcerative colitis. The patient

was given oral liver therapy and clinical and hematological improvement followed. Two years later

he developed a tuberculous pleural effusion and was treated at a sanatorium. Following this he suffered

numerous attacks of diarrhea, anemia, and weight loss which responded moderately well to diet. In

1939, at the age of 2.9, he showed signs of intestinal obstruction. The terminal ileum and ascending colon

were resected for regional ileitis. The following year macrocytic anemia was discovered and he was

successfully treated with intramuscular injections of liver extract at the New York Hospital. After 6

months of therapy he stopped treatment for 4 months. When he returned to the clinic he developed

severe urticaria after each injection of liver extract. Various products, including lamb liver extract, were

tried, but he reacted violently with urticaria and occasionally with vasomotor collapse. Oral therapy

with ventriculin and yeast was of no avail. He was maintained during the following 4 years with frequent

transfusions but these had to be discontinued because of unfavorable reactions. In November 1945 the

patient’s blood count showed hemoglobin �.8 Gm. and red cells 1.3 million. Folic acid 50 mg. daily,

orally, was begun. The patient had a remarkable improvement in his general well-being and gained i�

pounds in months. Three months later the dosage was cut to 2.5 mg. a day and the blood picture has

remained satisfactory at 13.0 Gm. of hemoglobin and � million red cells. The stools are soft and bowel

movements occur two or three times a day. The patient has returned to work and appears well. At no

time has he had any evidence of abnormal neurological signs or symptoms.

Comment: This patient presented a sprue-like syndrome which preceded and followed resection of the

small and large intestines. Because of sensitivity to liver extract and transfusion reactions he was com-

pletely invalided and no form of therapy was available. The clinical and hematological responses tofolic

acid resolved this problem and he has been able to perform his work and maintain good health. A review

of the literature shows no similar case treated with folic acid. None of the sprue patients reported by

previous investigators attained normal Hb. and red cell levels.
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DISCUSSION

Cases 1, 3 , and 4 may be included in one group because they all presented a single

significant feature; namely, a stationary level of the hemoglobin and erythrocytes

at a subnormal level, and the progression of signs of subacute combined sclerosis

under the continuous administration of folic acid in doses of � to �o mg., daily,

by mouth, or 2.0 mg., daily, intramuscularly. The reticulocyte response in patient

2. was excellent, that in patient 3 quite satisfactory, and that in case 4 submaximal.

The initial improvement in appetite and well-being was not maintained when the

patients were treated with folic acid alone for periods up to mo days. It is signifi-

cant that patient 3 showed a rise in hemoglobin and red cells to normal levels with

iron but developed further evidence of neurologic involvement. That folic acid is

probably not the antineuritic factor and that some other substance is necessary for

complete clinical and neurological remission is indicated by the hematological

and constitutional improvement in cases 1 and 3 when placed on a parenteral liver

extract in addition to the folic acid. Patients � and 6 were placed on folic acid (i�

and 50 mg.) daily, orally, and showed reticulocyte responses which were far below

those which one would expect with liver extract. Clinical improvement took

place, however, and increases in hemoglobin and red cells occurred. When the

reticulocytes fell to the pretreatment level the patients were started on intensive

liver therapy. Neither patient showed a further reticulocyte rise. Of particular

interest in patient � was the marked reduction in megaloblasts in the bone marrow

12. days after folic acid therapy was begun. Cases � to ii inclusive represent a group

of patients placed on a regimen of varying amounts of folic acid (� to 10 mg.) plus

� unit of liver extract, intramuscularly, daily. Patients � and 8 showed no neuro-

logical signs or symptoms at the beginning of therapy and after 54 to 119 days

there was no evidence of nervous system involvement. The reticulocyte response in

patient 7 was more than double that anticipated with liver extract alone, and the

red cell count became normal in 41 days. Patient 8 represented a severe test of the

combination of drugs because of the advanced arteriosclerosis, pyuria, hemor-

rhoids, and diverticula of the colon. The reticulocyte peak was below that of a

desirable response but there was a sustained rise for 6 days. The blood picture sug-

gested a plateau response of the hemoglobin and red cells. The patient has recently

been placed on large doses of liver extract (30 units twice weekly) intramuscularly.

Patients 9 and io were admitted with mild neurological signs and symptoms which

were completely relieved on the combination of � or 10 mg. of folic acid plus � unit

of liver extract, intramuscularly, daily. The reticulocytes rose to well above

anticipated levels and blood pictures showed complete remissions. Patients 7,9,

and io are now being maintained with biweekly injections of 15 mg. of folic acid.

It is too soon to determine what constitutional or hematological changes have

taken place. Patient ii presented a sustained, rather marked reticulocytosis

on the combination of 10 mg. of folic acid and � unit of liver extract, intra-

muscularly, daily. There was a dramatic improvement in the neurological symp-

toms and signs.

Patient Ii fell into the class of a sprue-like syndrome. The rapid clinical and

hematologic improvement far surpassed that which is ordinarily noted in perni-
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cious anemia, and represented the first patient reported in this group to attain and

maintain normal blood levels.

Spies24 has suggested that an enzyme present in the normal gastrointestinal

tract and lacking in patients having pernicious anemia is necessary to liberate folic

acid from the conjugated form in which it is presumably ingested in the food.

Another explanation is based on the observation that rats fed a synthetic diet plus

various sulfonamide drugs developed anemia and leukopenia and a simultaneous

inhibition in the growth of the coliform bacilli.28 The cecal contents of such rats

contained less folic acid than those of normal rats.29 It was suggested that these

bacteria are concerned in the liberation of free folic acid from its conjugated form.

The enzymatic activity of bone marrow in normal persons and in subjects with

pernicious anemia in relation to folic acid is at present being investigated by Heinle

and his co-workers.3#{176} It is beyond the scope of the present paper, which deals

entirely with clinical reactions, to discuss these highly interesting but as yet

controversial matters.

SUMMARY

i. Folic acid in daily doses of i� to 50 mg., orally, or 2.0 mg. intramuscularly,

usually produced a submaximal reticulocytosis in patients with pernicious anemia.

2.. In 3 patients the hemoglobin and red cells rose to a level of about ii.o Gm.

and 4.3 million respectively without further rise after 3 months of therapy.

3. Folic acid in the above doses failed to prevent the development or progression

of neurological symptoms indicative of subacute combined sclerosis.

4. In � patients folic acid in doses of � or io mg. orally daily combined with

� unit of liver extract injected intramuscularly daily produced a reticulocytosis

greater than that anticipated from adequate liver extract therapy alone.

�. With combined liver extract and folic acid therapy there was evidence of

improvement in the symptoms and signs of subacute combined sclerosis in 3

patients.

6. Folic acid, combined with � unit of liver extract, was found to produce a

complete hematological remission.

�. Folic acid, alone or in combination with small doses of liver extract, produced

an improvement in appetite and general well-being in patients with pernicious

anemia.

8. The possible enhancing effect of liver extract when combined with folic acid

cannot be due to the folic acid content of the former since i unit of liver extract

contains only 0.38 micrograms of folic acid.3’

�. Folic acid administered to a patient with macrocytic anemia due to faulty

postoperative intestinal digestion and absorption, produced a complete remission

in the blood picture and a marked improvement in signs and symptoms.
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