
THE DEVELOPMENT AND PROGRESSION OF SUBACUTE COMBINED

DEGENERATION OF THE SPINAL CORD 1N PATIENTS WITH PERNI-

CIOUS ANEMIA TREATED WITH SYNTHETIC PTEROYLGLUTAMIC

(FOLIC) ACID

By J. F. Ross, M.D.*, H. BELDING, M.D., AND B. L. PAEGEL, M.D.

T HE ISOLATION, identification and synthesis of folic acid (pteroylglutamic

acid) have provided an extremely potent hematopoietic agent.’ Unquestion-

ably folic acid induces hematologic remissions in patients with pernicious anemia.

Evidence is accumulating that indicates its ineffectiveness in preventing the de-

velopment or progression of subacute combined degeneration of the spinal cord.

Furthermore, it is not certain that normal blood levels can be maintained for pro-

longed periods of time in patients treated with folic acid alone.

During the last seventeen months we have substituted synthetic folic acidt for

liver extract in the treatment of 2.2. patients with pernicious anemia. These cases

have been observed with extreme care for evidences of development or progression

of neurologic complications and for changes in hematologic or clinical status.

During this brief period of time significant changes have developed in many of these

patients that make advisable a report of our observations at the present time.

METHOD OF STUDY

CLINICAL MATERIAL

The diagnosis in each case was established by the demonstration of a macnocytic hypenchromic anemia

with an associated leucopenia and thrombocytopenia, a histamine-refractory gastric achlonhydnia and a

response to liver extract on to folic acid with reticulocytosis and restoration of normal blood values. In

many cases a megaloblastic bone marrow typical of pernicious anemia was demonstrated before treatment

was started. Four patients were in hematologic relapse and were hospitalized during the initial period of

study. Two of these patients previously had been seen in hematologic relapse, and remission had been

induced with liver extract. It has been possible to compare their responses to folic acid with those pre-

viously obtained with liver extract. One patient in relapse had severe active subacute combined degenera-

tion of the spinal cord.

The patients in remission had been known to have pernicious anemia for periods ranging from one to

nineteen years and had been treated with liver extract in the Outpatient Department of the Massachusetts

Memorial Hospitals before the beginning of this study. Six of these patients had evidence of subacute

combined degeneration as manifested by panesthesias, diminution of vibration sense on reflex changes at

the beginning of the study, but in all these cases the disease had been arrested and the signs had been un-

changed for several years. Liven extract therapy was stopped at the beginning of this study. There was no

restriction of diet, which was considered to be adequate in all patients. Eleven patients were taking sup-

plementany vitamins on yeast, and these were allowed to continue this medication during the period of

study. Folic acid was administered orally in i6 cases in doses ranging from i.i� tO 15.0 mg. daily. Six

patients received 30 tO 100 mg. by intramuscular injection once every four weeks.

From the Evans Memorial, Massachusetts Memorial Hospitals, and the Department of Medicine,

Boston University School of Medicine, Boston.
* Formerly Welch Fellow in Internal Medicine of the National Research Council. A portion of this

investigation was carried out while under tenure of the Welch Fellowship.

t The synthetic folic acid (ptenoylglutamic acid) used in this study was kindly furnished by Dr.
Stanton M. Hardy of the Ledenle Laboratories, Inc., Pearl River, N. Y.
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All the patients were seen at least monthly in the Outpatient Department of the Massachusetts Me-

morial Hospitals and when it became evident that neurologic symptoms were developing they were seen

at weekly on semiweekly intervals. Careful neunologic and hematologic studies were performed at each

visit.

TECHNICAL METHODS

Blood studies were performed on venous blood placed in mixed ammonium and potassium oxalate.2

Hemoglobin determinations were done on photoelectric colonimetens by the oxyhemoglobin method.3

Hematocnits were determined with Wintrobe tubes, with centrifuging for one hour at a relative cen-

tnifugal force of 1800. Erythrocyte and leucocyte counts were made in duplicate and averaged. Enyth-

rocyte indices were calculated by the method of Wintrobe. Direct platelet counts were made with Rees-

Ecker diluting fluid. Reticulocyte counts were made on blood films prepared from a mixture of venous

blood with 0.3 per cent cresyl blue and o.6 per cent solution of sodium chloride. Films of bone marrow

obtained by sternal aspiration were stained with Wright’s and Giemsa’s stain.

OBSERVATIONS

PERNICIOUS ANEMIA IN RELAPSE

Four patients were in severe hematologic relapse when folic acid therapy was

started. Of these, 2. had never before had antianemia therapy, i was in relapse

subsequent to three years without liver extract therapy, and i was in relapse

following a low maintenance dose of folic acid. The courses of these 4 patients are

typical of the responses that may be produced with folic acid, and brief case his-

tories are presented.

CASE I

Pernicious anemia in severe hematologic relapse. Remission induced with orally administered

folic acid. Gradual development of anemia and subacute combined degeneration of the

spinal cord after one year of maintenance on folic acid.

a 6� year old white man, was admitted to the hospital in May, 1946, with a history of easy

fatigability for two years and marked weakness and anorexia for two weeks. Physical examination re-

vealed pallor of the skin and mucous membranes, a red tongue with atrophy of the lateral papillae,

hypoactive deep tendon reflexes in the lower extremities and slightly diminished vibration sense in the

feet. Blood studies showed a severe macnocytic anemia, leucopenia and thrombocytopenia (table and

fig. i), and the sternal bone marrow was characteristic of pernicious anemia in relapse. There was hista-

mine-refractory gastric achlorhydria. Folic acid therapy, i� mg. daily by mouth, was started at this time.

Weakness and anorexia were noticeably lessened on the second day of therapy and the patient was com-

pletely asymptomatic at the end of the second week. In one month’s time the physical findings were nor-

mal and there was full recovery of vibration sensation. A maximum reticulocyte response of 2.9 per cent

was reached on the eighth day of therapy. Just prior to the rise in reticulocytes a substantial increase in the

white cell and platelet counts was noted. A steady increase in the red cell count and hemoglobin began

after the fourth day. Normal blood levels and red cell indices were present by the third month and were

maintained until the eighth month, when the red cell count, hematocnit and hemoglobin began to fall.

By the twelfth month the patient showed a definite anemia.

With the exception of occasional slight glossitis the patient remained asymptomatic during the first

eleven months of fol�c acid therapy. Beginning with the seventh month there was gradually progressing

diminution in vibration sense, although position sense and motion sense were normal and Rombeng’s sign

was negative. In the twelfth month the patient began to experience stiffness of the feet and numbness of

the fingers. His gait became unsteady, particularly in the evening, and he staggered when he attempted

to walk in the dark. Knee and ankle jerks were markedly hypoactive at this time, vibration sense was
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Fio. I (Case I). Previously untreated pernicious anemia in relapse. Remission induced with orally ad-

ministered folic acid. Gradually developing anemia and subacute combined degeneration after 7 months

of folic acid therapy.

70 SPINAL CORD DEGENERATION AND FOLIC ACID

impaired below the knees, and motion sense was diminished in the toes. The patient swayed slightly in

the Rombeng position and staggered when he tried to walk with his eyes closed.

Comment. This previously untreated case of pernicious anemia showed early and

rapid clinical and hematologic improvement in response to 15 mg. of folic acid

given daily by mouth. The reticulocytosis of 2.9 per cent in response to folic acid

therapy was slightly less than the �7 per cent expected optimum response to liver

extract, but the rate of regeneration of erythrocytes, leucocytes and platelets was

fully as rapid as would have been expected with liver extract therapy. The blood

remained normal for eight months but subsequently fell to anemic levels. Definite

subjective and objective signs of subacute combined degeneration appeared during

the twelfth month of folic acid therapy.

CASE 2.

Pernicious anemia with mild anemia but severe subacute combined degeneration. No im-

provement in neurologic status after twenty-five days of orally administered folic acid.

a 6o yean old white woman, was admitted to the hospital with a history of increasing par-

esthesias in all extremities, weakness, anorexia and weight loss of one year’s duration. The significant

physical findings were slight atrophy of the lateral lingual papillae, hyperactive deep tendon reflexes,

a positive Rombeng’s sign, a slightly ataxic, spastic wide-based gait, marked diminution of vibration

sense in the knees, ankles, toes and fingers and some impairment of position sense in the fingers. The red

cell count was 3,000,000, the hemoglobin ii.8 Gm. per ioo cc., the mean corpuscular volume 12.2. cubic

micra, and the white cell count 5700. There was histamine-refractory gastric achlorhydria. Folic acid was

administered orally in a daily dose of i� mg. throughout the twenty days of hospitalization. The retic-

ulocytes rose from 2..! to 5.8 percent on the seventh day. At discharge the red cell count was 3,410,000,

the hemoglobin 13.9 Gm. per 100 cc., and the white cell count 82.75. After one week during which the
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folic acid dosage was increased to 45 mg. daily the red cell count was 3,540,000 and the hemoglobin 14

Gm. per 100 cc.

After twenty-eight days of folic acid therapy paresthesias and weakness persisted unchanged, and

there was no improvement in the signs of subacute combined degeneration of the spinal cord . Daily intra-

muscular injections of 15 units of purified liver extract were begun and continued during the next five

weeks. Subjective improvement and a decrease in paresthesias occurred in response to this therapy, but

further neurologic examinations could not be performed. A blood study performed after two months of

folic acid therapy and thirty-eight days of liver extract therapy showed a normal hemoglobin and

hematocnit but persistent marked macnocytosis (table i).

Comment. This previously untreated patient had a moderate, although markedly

macrocytic, anemia but severe subacute combined degeneration of the spinal cord.

She had a submaximal reticulocyte response to folic acid (only �.8 per cent as com-

pared with an anticipated ii.o per cent), and the blood levels rose very slowly even

after liver extract therapy was given in addition to an increased dosage of folic acid.

There was no subjective or objective evidence of improvement of the subacute

combined degeneration during twenty-eight days of folic acid treatment, and it

was not possible to follow the patient adequately for a longer period of time.

CASE 3

Pernicious anemia in relapse; remission induced with orally administered folic acid. Subacute

combined degeneration and mild anemia developing after sixteen months of maintenance

therapy with folic acid. Progression of subacute combined degeneration after institution of

liver extract therapy while folic acid was continued.

H. C., a 59 year old white woman, was first admitted to the hospital in December, 1940, with weak-

ness, glossitis, anorexia and weight loss of two years duration. Physical examination revealed marked

pallor of the skin and mucous membranes, atrophy of the lingual papillae, moderate glossitis, a palpable

liver and diminished vibration sense below the knees. There was a severe macrocytic anemia and a megalo-

blastic bone marnow (table I and fig. 2.). Histamine-refractory gastric achlonhydnia was present. In re-

sponse to i� units of liver extract administered intramuscularly daily, there was a rise in reticulocytes to

14.6 per cent. After one month of therapy the red cell count was 4,330,000 and red cell indices were

essentially normal. Therapy was gradually reduced to 15 units of liver extract a month. Blood values con-

tinued to rise and throughout the ensuing seventeen months were optimal.

Except for the occasional ingestion of cooked liver the patient lapsed in therapy from September, 1942.,

toJanuary, 1946, when she was readmitted to the hospital with recurrence of the original symptoms and

paresthesias of the hands and feet. The significant physical findings were pallor of the skin and mucous

membranes, atrophy of the lateral lingual papillae, a slightly unsteady gait, hyperactive knee jerks,

absent ankle jerks and a moderate decrease in vibration sense below the knees. The blood and bone

marrow were characteristic of pernicious anemia in relapse (table I and fig. 2.). The patient was given 15

mg. of folic acid by mouth daily, and a maximum reticulocyte response of i 1.8 per cent was obtained on

the sixth day of therapy. She rapidly became asymptomatic, and after one month of treatment the red cell

count and hemoglobin had risen to moderate levels with a decrease in macnocytosis. There was no change

in neurologic status at that time. Folic acid therapy (15 mg. by mouth daily) was continued after dis-

charge in February, 1946. One month later the patient was readmitted for treatment of a myocardial

infarction and pyelitis. Vibration sense in the ankles and toes was diminished. The blood values were

unchanged. The dosage of folic acid was increased to ioo mg. daily, by mouth for five days and then

intravenously for the next ten days. This increased dose produced no improvement in the blood picture,

and the original dosage of i� mg. daily by mouth was resumed. Nineteen days later this was supplemented

by daily intramuscular injections of i� units of liver extract for twelve days. This resulted in symptomatic

improvement, relief of the glossitis and improvement in vibration sense in the ankles and toes, but no
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72. SPINAL CORD DEGENERATION AND FOLIC ACID

further hematologic response. During the subsequent two months on folic acid therapy alone the red cell

count and hemoglobin rose to fairl� satisfactory levels and the red cell indices became normal. Vibration

sense was fully recovered. During the ensuing ten months there was a gradual decrease of the ned cell and

hemoglobin levels and a return of macrocytosis.

In the sixteenth month of folic acid treatment and twelve months after the last injection of liver ex-

tract, the patient complained of steadily increasing numbness of the hands, forearms and feet. Hen family

stated that she became extremely forgetful and irritable. There was a rapid and progressive loss of vibra-

tion sense in the lower extremities and impairment of position and motion sense in the toes and fingers.

Liven extract therapy was started, 75 units being given first semiweekly and then weekly, and folic acid

medication was continued, In spite of the injection of 2.60 units of liver extract during the next six weeks

the symptoms and signs of subacute combined degeneration of the spinal cord progressed. At the end of

this period folic acid therapy was discontinued.

FIG. 2. (Case 3). Pernicious anemia with comparable remissions induced on different occasions with

liver extract and with folic acid. Suboptimal response to oral folic acid not improved by large doses of

folic acid administered intravenously on by liver extract. Progression of subacute combined degeneration

12. months after last injection of liver extract.

Comment. This case provides an interesting comparison of the relative effectiveness

of folic acid and liver extract in inducing remission in pernicious anemia. Sympto-

matic improvement occurred earlier and was more marked with liver extract than

with folic acid therapy. The reticulocyte response to both liver extract and folic

acid was submaximal. The rate of increase in the red cell count in response to folic

acid was slower than had occurred previously with liver extract, but the hemato-

logic response probably was hampered by the complicating myocardial infarction

and pvelitis. In the face of these complications neither an increase in the dosage of

folic acid nor a course of liver extract therapy was effective in improving the blood

picture. Following recovery from these illnesses the blood levels temporarily rose

to normal. The optimal levels previously maintained with liver extract therapy

never were observed during folic acid treatment, and a gradual diminution of blood

levels occurred during the last ten months of therapy. Subacute combined de-
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generation became apparent in the sixteenth month of folic acid therapy, twelve

months after the last injection of liver extract, and neurologic disease progressed

during the next six weeks in spite of the injection of i6o units of liver extract.

CASE 2.2.

Hematologic relapse on 30 mg of folic acid administered once monthly by injection. Remission

on 15 mg. of folic acid daily by mouth. Subsequent explosive development of severe subacute

combined degeneration of the spinal cord.

J. S., a 69 year old white man, had been treated for pernicious anemia with liver extract by a private

physician in 1938, and was first admitted to the hospital in 1939 with a history of weakness and anorexia

following a six months’ lapse in therapy. Blood studies showed a severe macrocytic anemia (table I and
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FIG. 3 (Case 2.2.). Relapse of pernicious anemia while receiving 30 units of folic acid by intramuscular

injection once each month. Remission induced with i� mg. of folic acid daily by mouth comparable with

remission induced with liver extract on previous occasions. Rapid development and progression of sub-

acute combined degeneration on folic acid maintenance therapy while blood was normal.

fig. 3). The patient responded to liver extract therapy with a reticulocyte response of 2.0.9 percent on the

sixth day of therapy, and normal blood levels were attained by the third month. In 1942. the patient again

lapsed in therapy and underwent a second hematologic relapse. He again showed an adequate response to

liver extract. Since 1943 adequate blood levels were maintained with intramtiscular injection of 30 units of

liver extract monthly. The patient ingested daily 10-15 Gm. of yeast dtining the entire period of the

subsequent study, a fact that should exclude vitamin deficiency as a contributing factor. Folic acid was

substituted for liver extract in June, 1946, and 30 mg. of folic acid once each month was given by intra-

muscular injection. At this time the patient was completely asymptomatic, physical examination was

essentially negative, and neurologic examination was entirely negative. The blood levels were sub-

optimal, with a moderate degree of nlacrocytosis (table i and fig. 3). There was a persistent drop in the

red cell and hemoglobin levels, and by the fifth month the patient showed a marked nlacrocytic anemia.

Weakness and dyspnea appeared during the third month, but the only abnormal physical finding was

marked pallor of the skin and mucous membranes. Neunologic examination was completely negative. At

this time therapy was changed to a daily oral dose of mg. of folic acid. Symptoms of anemia increased,
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74 SPINAL CORD DEGENERATION AND FOLIC ACID

and there was a further decrease in blood levels during the next week. The dosage of folic acid was in-

creased to 15 mg. a day by mouth. Rapid symptomatic and hematologic improvement followed, and in

two months the red cell count returned to its original pre-folic acid level. A reticulocyte response of 6.3

per cent was noted on the seventh day, but since these counts were performed only at weekly intervals

the maximum reticulocytosis probably was not detected. Neurologic examination at this time was

negative.

Eight and one-half months after folic acid had been substituted for liver extract, three months after the

start of oral folic acid therapy and one month after restoration of normal blood levels, the patient com-

plained of heaviness in the soles of his feet and stated that he felt muscle-bound in the calves and thighs.

The only neurologic abnormality at this time was slightly diminished vibration sensation in the toes.

One week later his hands and feet felt � like blocks of wood ‘ and there were periodic episodes of a burning

sensation from the toes to the hips. At this time the patient began to need assistance in maintaining his

balance, and soon he was unable to walk without considerable aid. Within another two weeks he was

unable to stand or walk and could not feed himself because of incoordination of the hands.

On admission to the hospital the general physical examination, complete blood studies and sternal

bone marrow examination yielded normal findings. The patient’s mental status and speech were normal.

Examination of the cranial nerves showed impairment in the first (inability to recognize the smell of

coffee, vanilla or wintergreen) and the second (moderate bilateral diminution in visual acuity and mod-

crate constriction of visual fields), although the optic fundi were not remarkable. The remaining cranial

nerves were intact. There was no gross inequality in muscular volume or power, but there was a definite

increase in muscle tone, spastic in type, of the arms and legs. Coordination was extremely poor, and the

patient was unable to hold objects or to feed himself. There was astereognosis, even for large objects, and

marked past pointing in both arms. The heel-to-shin test was poorly done. Rombeng’s sign was positive,

and the gait, even with assistance, was spastic, slapping and staggering. Deep tendon reflexes in the lower

extremities were markedly hyperactive, more so on the left than on the right. The Babinski response was

present on the left and there was no response to plantar stimulation on the right. Abdominal and crem-

astenic reflexes were absent. Vibration sense was entirely absent below the tenth thoracic segment and in

both hands, wrists and elbows. Position and motion sense were impaired generally, most markedly in the

fingers, toes and ankles. There was loss of light-touch sensation over the ulnar side of both hands and on

the medial aspect of the right foot. There was irregular patchy diminution of pain and temperature sensa-

tion in both arms and both legs, and decrease in sweating of both lower extremities and complete absence

of sweating from the level of the knees downward. There was no interference with bladder or bowel

function, however, and no change in sexual function (the patient had been impotent for 10 years). A

lumbar puncture yielded normal spinal fluid.

Injection of io� units of concentrated liver extract � units per cubic Centimeter) was given intra-

muscularly daily for the next five weeks, and the administration of i� mg. of folic acid daily by mouth was

continued. During this period there was gradual subjective improvement, beginning on the eleventh day.

The patient gradually regained the coordinated use of his hands and feet, and after three weeks of liver

extract therapy he was able to feed himself and to walk unassisted and without staggering, although the

gait was still spastic and slapping. He was discharged from the hospital at the end of five weeks, at which

time he felt well except for some residual numbness of the hands and feet and stiffness of the knees. Co-

ordination of movement was normal, but the gait showed slight slapping. During the period of hos-

pitalization the pattern of neunologic improvement was striking. First there was a decrease in the signs

of lateral column disease: muscle tone returned to normal, deep tendon reflexes became less hyperactive,

the plantar responses became flexor, and there was a gain in strength. With this improvement the patient

was able to walk and to feed himself, even though the posterior column signs still persisted. Position sense

was slightly improved in the fifth week of liver extract therapy, but there was no return of vibration sense.

Following discharge the patient was given 75 units of liver extract intramuscularly once a week and

the dosage of i� mg. of folic acid daily was continued. There was only slight improvement in position

sense during the next three weeks, no improvement in vibration sense, and persistence of paresthesias.

Folic acid was discontinued after two months of liver extract therapy. Two weeks later position sense

was practically normal, vibration sense perception began to return, and the hands and feet felt much less

numb and nearly normal.
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Comment. This patient gradually developed a hematologic relapse over a six

month period during which treatment consisted of �o mg. of folic acid by injection

once a month. The rate of development and the severity of the hematologic relapse

were comparable to two previous relapses that occurred following omission of liver

extract. This indicates that folic acid in the amount given had no effect in main-

taming remission. The hematologic response to i� mg. of folic acid taken orally

each day was excellent and was comparable with the response obtained on two

previous occasions with liver extract.

The most striking features of this case were the explosive development of ex-

tremely severe subacute combined degeneration after nine months of folic acid

therapy and its appearance at a time when the peripheral blood picture and bone

marrow were normal. Improvement of symptoms and signs of lateral column

disease occurred gradually following the addition of liver extract therapy, but vi-

bration sense and numbness of the hands and feet improved only after discontinu-

ation of folic acid.

The clinical and hematologic responses of 3 cases to folic acid therapy were ex-

cellent and quite comparable to those that would have been expected with optimum

liver extract therapy. Indeed, in Case 2.2. the rate of blood regeneration under folic

acid therapy almost exactly paralleled that previously obtained with liver extract

(fig. 3). The reticulocyte responses were slightly less than would have been ex-

pected with liver extract, but were quite adequate in all 3 cases. Increases in white

cell and platelet counts were marked and rapid. In Case i the degree of anemia was

not severe, and consequently the rate of blood regeneration was not rapid. The

suboptimal blood levels eventually obtained in Case � were not improved by addi-

tional liver extract therapy and probably are a reflection of the complicating cardiac

disease and pyelonephritis.

Cascs I, 3 and 2.2. showed improvement in the sense of well-being on the third or

fourth day following the beginning of folic acid therapy. This improvement was

neither so striking nor so marked as that usually seen following the exhibition of

liver extract. Glossitis was present in Cases i, 3 and 2.2. and improved very slowly

under folic acid treatment. In Case i it occasionally recurred during the period of

maintenance therapy.

The extremely marked signs of subacute combined degeneration in Case 2. showed

no improvement during the twenty-eight days of folic acid therapy, hut they did

not progress. The numbness and slight diminution of vibration sense initially pres-

ent in Cases i and � gradually improved over a period of several months with folic

acid therapy but recurred again after a year’s treatment. Case 2.2. showed no neuro-

logic abnormality at the time of hematologic relapse, and it was not until three

months later, at a time when the blood picture was normal, that the patient de-

veloped extremely severe and rapidly progressive subacute combined degeneration

of the spinal cord.

MAINTENANCE THERAPY OF PERNICIOUS ANEMIA IN REMIssION

Twenty-one patients with pernicious anemia in remission have been maintained

on folic acid therapy for periods ranging from eight to seventeen months. In 19
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8o SPINAL CORD DEGENERATION AND FOLIC ACID

TABLE I, ADDITIONAL REMARKS

Case z. Rapid remission induced. Maximum neticulocytosis of2.9’� on 8th day. Blood declined to sub-

normal levels after 6th month. Probable development of mild S.C.D. beginning in 7th month.

Case 2. Mild anemia but marked macrocytosis. Maximum reticulocytosis of �.8% on 7th day. Slight

imrpovement in blood during x8 days of folic acid therapy . Normal hemoglobin level but persistent

macrocytosis following liver extract therapy. No improvement in S.C.D. with folic acid therapy.

Case 3. Response to folic acid comparable with response to liven extract � years previously. Maximum

neticulocytosis ii.8% on 6th day. Suboptimal blood levels, not improved with liven extract, probably

because ofcomplicatingdisease. Evidence ofS.C.D. at i6 months. Rapid progression ofS.C.D. in spite of

institution of liver extract therapy during continuation of folic acid.

Case �. Blood levels higher and macrocytosis less than when under liver extract therapy. S.C.D.

beginning in iith month and progressing rapidly in spite of liver extract therapy while folic acid

continued.

Case j. For 8 months blood levels much higher than with liver extract therapy. Moderate decrease

after 8th month. No definite evidence of S.C.D.

Case 6. Blood levels decreased at 8 months. No evidence of S.C.D.

Case 7. Blood levels improved initially. Subsequently decreased and fluctuated in fashion similar to

that observed during liver extract therapy. No evidence of S.C.D.

Case 8. Blood levels same as with liver extract therapy . Probable development of early S.C.D.

Case 9. For 8 months blood levels much higher than with liver extract. Then gradual decrease to

initial levels. Noevidence of S.C.D.

Case so. Blood levels initially higher than with liven extract; subsequent decrease. Definite develop-

ment of S.C.D.

Case ii. Blood levels same as with liver extract. No change in S.C.D.

Case 12. Blood levels better than those maintained with liver extract. Progression of S.C.D.

Case xj. Blood improved initially, but decreased to previous levels in 10th month. Definite progression

of S.C.D. in ixth month.

Case 14. Blood levels unchanged even after increase in folic acid dosage. S. C. D. developed at 94

months. Progressed rapidly when folic acid dosage increased to i� mg. Continued progression of S.C.D.

after institution of liver extract while folic acid continued.

Case ij. Blood unchanged. Signs of S.C.D. appeared in 7th month and progressed in spite of increased

folic acid dose.

�ase 16. Blood cnchanged. No evidence of S.C.D.

Case 17. Decrease in blood levels during period of monthly injections. Slight improvement on daily

oral dose of folic acid. Evidence of S.C.D. appeared in 2.nd month and progressed in spite of increased dose

of folic acid.

Case iS. Temporary decrease in macrocytosis. No evidence of S.C.D. in spite of very low dose of folic

acid.

Case 19. Transient increase in blood levels. No evidence of S.C.D. Died of heart failure in sith month.

Case 20. Blood levels comparable with those maintained with liver extract. Patient required ii months

to relapse after omission of liver extract on a previous occasion. No S.C.D.

ease 21. Blood levels comparable with those maintained with liver extract therapy. Impioved with

oral folic acid therapy. No S.C.D.

Case 22. Hematologic relapse during monthly injections. Remission induced with oral folic acid.

Rapid onset and progression of S.C.D. when blood was normal. Very gradual and incomplete improve-

ment with liver extract therapy while folic acid continued. More rapid improvement after omission of

folic acid.

patients (including Case 2.2., previously described) the clinical and hematologic

aspects of the disease had been well controlled with liver extract for from one to

nineteen years prior to the substitution of folic acid therapy. In 2. patients (Cases i

and 3) folic acid-induced remissions preceded maintenance therapy. This group has
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J. F. Ross, H. BELDING AND B. L. PAEGEL 8i

been subdivided according to the maintenance dose of folic acid administered (table

2.). An increase in dosage was made in 8 patients during the latter half of the period

of observation, and specific reference to these changes will be made. The hemato-

TABLE 2--Results of Mainteaance Therapy wills Synihelic Folic Acid

� Hematologic Status Neurologic Status

Persist- . . Progression on Develop.Initial , ment of Subacute Combined
No. of Dura- ently higher No Degeneration

Folic Acid Dosage Pa- � �i�r blood change _____________________________
tients apy � l�;:� decreas- 1��e Probable Definite

.� with af�6 p 1 I Time p Time

E�t sN0�sos,�

Oral (daily) *1 Ii

15.0 5 8-17 *4 *1, *3, 2 *5 3 *3 16

*5, #6 46 44 12

111.0 2 12 *8 *7 1 *7 1 #8 11

5.0 2 12 #9 I 49 1 410 12

4 tO

2.5 1 ii 411 1 411

1.25 5 94-Il #16 #12 1 *16 1 #12 12

(Increased to 15) (3) (14-24) * 14 * 13 2 * 13 12 1 * 14 94

#15 *15 7

Intramuscular

injection

(monthly)

100 3 7-1(1 *19 1 419

(Changed to oral

daily)

1,25 at 9 months (II 3 418 1 * 18

1.25 at 7 months (1) I *17 1 #17 6

15. 0 at 11) months (1)

1 9

4)

(Changed to oral

daily)

1. 25 at 9 months (1) 3 #2(1 1 * 20

30 2 5-6 *22

(Changed to oral

daily I

1.25 at 5 months (1) 7 *21 1 #21

15.0 at 6 months (1) 6 1 #22 84

‘Fotals .. 21 8 2 1(1 1 10 4 7

Figures preceded by 4 are numbers of cases listed in Table 1.

logic and clinical data before and during folic acid therapy are presented in tables

i and 2..

Oral maintenance dose of 15 mg. daily. Five patients (Cases I, 3, 4, �j and 6) were

given a daily oral maintenance dose of i� mg. of folic acid. With the exception of i

patient (Case 6) who was treated for only eight months, these patients remained on

the same dosage schedule for twelve months. Satisfactory blood levels were ob-
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8i SPINAL CORD DEGENERATION AND FOLIC ACID

served early in the course of treatment in all � patients, and i patient (Case 4) con-

sistently maintained higher levels with folic acid than he did with liver extract.

A decline in the red cell count and hemoglobin to suboptimal levels began after the

fourth and sixth month, respectively, in 2. patients (Cases i and 3) in whom re-

mission had been induced with folic acid. A similar drop in blood levels was not

observed in the other 2. patients (Cases 5 and 6) until the eighth month. In i pa-

tient (Case 3) a significant macrocytosis developed concomitantly with the decline

in blood levels.

All � patients felt extremely well and were asymptomatic during the first eight to

eleven months of treatment. In the twelfth month of therapy definite signs of neuro-

logic disease appeared in Case i (see case report). In Case 3, in the sixteenth month

of folic acid therapy and twelve months after the completion of a supplementary

course of liver extract therapy, the patient developed the symptoms and signs of

neurologic disease (see case report).

In Case 4 there had been mild but quiescent subacute combined degeneration for

at least eight years, and there was no change in this condition during the first ten

months of folic acid therapy. Beginning in the eleventh month, however, the pa-

tient developed paresthesias of the hands and feet and weakness and stiffness of the

legs. His family stated that he became very irritable and occasionally wept because

of anger. By the twelfth month these symptoms were worse and there was un-

steadiness ofgait and difficulty in walking. Knee jerks were increased, and vibration

sense was decreased at and below the iliac crests. Liver extract was started in addi-

tion to continuation of folic acid, but in spite of the injection of 2.60 units in the

next three weeks there was rapid progression of neural disease. By the end of this

time the patient was unable to walk because of weakness of the legs and unsteadi-

ness of gait. He complained of warmness of the hands and feet. He showed increased

muscle tone in the legs, markedly hyperactive knee jerks, absent left ankle jerk and

decreased right ankle jerk, a positive Babinski sign on the left and normal plantar

response on the right. Position and motion sense of the toes was poor. The heel-to-

knee test was poorly performed. Vibration sense was absent below the iliac crest.

Romberg’s sign was markedly positive. Folic acid was discontinued and the patient

was hospitalized. A lumbar puncture yielded normal fluid.

This patient developed progression of subacute combined degeneration during

folic acid therapy, which proceeded rapidly in spite of parenteral injection of large

amounts of liver.

Oral maintenance dose of io mg. daily. Two patients (Cases 7 and 8) were given io

mg. of folic acid daily for a period of twelve months. Case 8 maintained constant

blood levels. Case 7 showed an initial improvement in red cell count and hemo-

globin but a persistent macrocytosis, and the blood subsequently returned to levels

essentially similar to those observed during liver extract treatment.

In Case 8 progressive diminution of vibration sense in the lower extremities and

fingers appeared during the eleventh month, and in the twelfth month Romberg’s

sign became positive.

Oral maintenance dose of s mg. daily. Two patients (Cases 9 and io) were maintained

on 5 mg. of oral folic acid daily for twelve months. In both patients there was an

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/3/1/68/573108/68.pdf by guest on 19 M

ay 2023



J. F. ROSS, H. BELDING AND B. L. PAEGEL 83

initial increase in the red cells and hemoglobin ‘and a decrease in macrocytosis, but

in the eleventh and twelfth months the red cell count and hemoglobin returned to

pre-folic acid values, and in Case 9 there was recurrence of macrocytosis.

Subjective improvement and an increase in appetite were noted by each patient

with beginning of folic acid therapy, and these continued throughout the period of

observation. Case � remained asymptomatic and maintained a normal neurologic

system during the period of observation. Paresthesias and diminution in vibration

sense appeared in Case io in the eleventh month. By the twelfth month there was

marked diminution of vibration sense in the toes and ankles, a positive Romberg’s

sign, a slightly unsteady gait, hypoactive knee and ankle jerks and a positive

Babinski’s sign.

Oral maintenance dose of2.5 mg. daily. Only one patient (Case i i) was given a daily

oral dose of i.� mg. of folic acid. This patient maintained as high blood levels

throughout the eleven months of treatment as she had previously done with large

doses of liver extract. She remained asymptomatic and showed no change in her

neurologic signs of minimal subacute combined degeneration of the spinal cord.

Oral maintenance dose of 1.25 mg. daily. Five patients (Cases I2.-16) were given

daily doses of i .i5 mg. of folic acid by mouth. This dosage was increased to i � mg.

daily in 3 patients (Cases 13, 14 and i�) in approximately the tenth month of treat-

ment. With the exception ofCase i6, who was observed for only eight months, the

members of this group remained on folic acid for eleven, twelve or thirteen months.

The blood picture of 3 of these patients was comparable to that previously main-

tamed by them on liver extract. In Case ii the blood levels were better, and in Case

13 there was a temporary increase in red cells and hemoglobin and a decrease in

macrocytosis, which persisted for eight months and then returned to the levels

previously maintained with liver extract.

Two of these patients (Cases ii and 13) had subacute combined degeneration of

the spinal cord at the time folic acid therapy was started, but in both the disease

had remained stationary for several years under liver extract therapy. In Case IL

progression of neural disease was shown during the twelfth month of folic acid

therapy. Weakness and stiffness of the legs, numbness of the feet, unsteadiness in

gait and swaying on Romberg’s test became definitely severer at this time and led

to institution of liver extract therapy. In Case 13 the patient complained of a

squeezing sensation in the feet and calves, and there was a definite decrease in

vibration sense below the level of the iliac crests and a markedly positive Rom-

berg’s sign during the twelfth month of therapy.

After nine and one-half months of folic acid treatment the patient in Case 14

showed development of subacute combined degeneration. The dosage of folic acid

was increased to i� mg. daily by mouth for the next six weeks, but the signs of

neurologic disease progressed even more rapidly. By the eleventh month of mainte-

nance therapy the patient exhibited weakness of the entire body and a numbness

and tingling of the hands and feet. Knee and ankle jerks were extremely hyper-

active; vibration sense was markedly impaired below the iliac crests and was en-

tirely absent in the left leg. An injection of 75 units of liver extract was given,

which produced only minimal improvement in one week’s time. Folic acid was
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84 SPINAL CORD DEGENERATION AND FOLIC ACID

omitted and 45 units of liver extract were given each week for the ensuing two

weeks. Two weeks after discontinuance of folic acid there was marked subjective

improvement, Romberg’s sign was negative, and vibration sense was improved.

There was strikingly rapid progression of neural disease during folic acid treatment,

and significant improvement did not occur in spite of liver extract therapy until

folic acid was discontinued.

Of the 2. other patients without subacute combined degeneration at the be-

ginning of folic acid therapy, Case i6 remained asymptomatic and developed no

abnormal neurologic signs during the eight months that she was observed . Case a �,

however, showed progressive diminution of vibration sense from the seventh to

twelfth month. An increase in folic acid to s � mg. daily at nine and one-half months

failed to prevent progressive diminution of vibration sense or the development of

hypoactive knee jerks.

Maintenance therapy with monthly intramnscular injections. The remaining 6 pa-

tients (Cases 17-2.2.) were given intramuscular injections offolic acid once a month.

None of these patients had evidence of subacute combined degeneration at the time

folic acid therapy was started. The doses administered were ico mg. (Cases 17, i8

and 19), 40 mg. (Case 2.0) and 30 mg. (Cases LI and 2.2.). With one exception (Case

19), oral folic acid therapy (1.2.5 tO i�.o mg. daily) was substituted for injected

folic acid in these patients between the fifth and ninth month of observation. The

members of this group remained on folic acid for periods of ten to twelve months.

Of the 3 patients receiving ioo mg. of folic acid monthly, 2. (Cases i8 and 19)

showed an initial rise in blood levels with a subsequent decrease to the original

levels. The blood levels of the other patient (Case 17) dropped slightly, but re-

turned to the original suboptimal levels after substttution of a daily oral dose of

i� mg. offolic acid.

This latter patient began to show paresthesias and diminution of vibration sense

after the second month of therapy. The paresthesias decreased slightly following

the administration, from the fifth month onward, of i� Gm. of Brewer’s yeast

daily. Daily oral doses of 1.2.5 mg. of folic acid were substituted for the monthly

intramuscular injections in the sixth month, and this dosage was increased to 15

mg. daily in the tenth month. All these measures failed to halt progressive diminu-

tion of vibration sense. By the eleventh month there was marked diminution of

vibration sense in both lower extremities. Motion and position sense were im-

paired in the toes, and Romberg’s sign was positive. Case iS remained asympto-

matic and was placed on a daily oral dose of 1.2.5 mg. of folic acid in the ninth

month. In Case 19 there was no evidence of neurologic disease, but the patient died

of congestive heart failure during the eleventh month.

One of the 3 patients on maintenance therapy of 30-40 mg. monthly (Case 2.2.)

experienced a hematologic relapse within six months (see case report). A sat�s-

factory hematologic remission was produced when orally administered folic acid

was substituted for the monthly injections. The other 2. patients showed persistent

macrocytosis, although their blood levels were comparable with those previously

maintained with liver extract therapy. A moderate improvement in blood levels

and a decrease in macrocytosis was observed in Case 2.1 after the substitution of a
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J. F. ROSS, H. BELDING AND B. L. PAEGEL 8�

daily oral dose of i .2.5 mg. of folic acid, but no change in the blood picture in Case

2.0 followed such substitution.

In Cases 2.0 and 2.1 the patients remained asymptomatic and showed no evidence

of neurologic damage throughout the period of folic acid therapy. As described

previously, the patient in Case 2.2. exhibited an explosive development of spinal

cord disease during the eighth month of observation, despite a normal blood and

bone marrow.

DIscussIoN

HEMATOLOGIC ASPECTS

Induction of Remission. Orally administered folic acid induced hematologic re-

missions that were comparable in rate and completeness with those that would

have been predicted in response to liver extract therapy. Reticulocyte responses to

folic acid were less marked and subjective improvement was not so sudden in onset

or so marked as usually follows exhibition of liver extract. Glossitis was not so

rapidly or so completely relieved, and tended to recur in mild form during folic

acid therapy.

Maintenance Therapy. When folic acid was substituted for liver extract the ma-

jority of the patients showed a transitory but significant increase in blood levels

and a decrease in mean corpuscular volume. This initial but unsustained improve-

ment may have been due to the combined effect of folic acid and liver extract, since

the latter is stored in the body and may continue to exert its hematopoietic effect

for many months after its injection.4’ �

These observations might be taken to suggest that the patients had not re-

ceived optimal doses of liver extract before substitution of folic acid, but most of

them had been given large doses of liver extract without improvement in the

blood picture. It seems unlikely that the improvement in response to folic acid

occurred spontaneously, as a result of a nonspecific effect of folic acid or as a

manifestation of the cyclic variations observed in pernicious anemia.6

With continuation of folic acid therapy alone there was usually a gradual fall in

blood levels and the appearance of slight macrocytosis. This decrease usually be-

came apparent after six to eight months of therapy, but in several cases it did not

appear until the twelfth or fourteenth month of therapy. In most cases the blood

returned to levels similar to those previously maintained with liver extract alone,

but in several patients moderately anemic levels with definite macrocytosis

appeared.

These findings may indicate that some factor in addition to folic acid is necessary

for maintenance of a completely normal blood picture, and they suggest the pos-

sibility that a combination of orally administered folic acid and parenterally

injected liver extract may be more effective than either substance alone.

Dosage. All patients receiving folic acid in daily oral doses maintained blood

levels at least comparable with those previously achieved with liver extract. Dur-

ing the period of our observations a daily oral dose of 1.2.5 mg. of folic acid was as

effective as a 15 mg. dose in controlling hematologic manifestations. The patients

who received the larger doses more frequently showed an initial improvement in
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blood levels (table 2.), but these higher levels were not better maintained with the

larger than with the smaller doses.

The injection of folic acid at monthly intervals did not maintain normal blood

values. The rate of relapse in a patient who received injections of 30 mg. once a

month indicated that this amount of folic acid had no effect in maintaining re-

mission. The simplicity and greater effectiveness of orally administered folic acid

indicates that the oral route is the rational method of employing the substance.

NEUROLOGIC ASPECTS

Folic acid does not prevent the development or progression of subacute combined

degeneration of the spinal cord in patients with pernicious anemia. In this series of

2.2. patients treated with folic acid, 7 (Cases i, 8, io, 14, 15, 17 and 2.2.) developed

neurologic relapse, 4 (Cases 3, 4, 12. and 13) showed progression ofsubacute com-

bined degeneration, and i previously untreated case of severe subacute combined

degeneration (Case 2.) failed to improve during twenty-eight days of folic acid

therapy. The blood levels were maintained within the range of normality in all

but i (Case i) of the patients who developed neurologic relapse, emphasizing the

dissociation of the hematologic and neurologic aspects of the disease, and mdi-

cating that the effective hematopoietic factor is distinct from the factor necessary

for the maintenance of normal central nervous system function.

Neurologic relapse occurred with considerable suddenness and progressed with

great rapidity in several patients. This rapidity of progression was considerably

greater than is usually observed in patients with untreated pernicious anemia.

Apparently this also was true in similar cases reported by Meyer,7 Heinle and

Welch8 and Vilter et al.9

We have continued daily oral administration of i� mg. of folic acid after insti-

tuting liver extract treatment in � patients (Cases 3, 4, 14, 17 and 2.2.) in whom

neurologic relapse developed during folic acid treatment. The period of observation

with combined liver extract and folic acid treatment is still quite brief, but there

has been progression of neurologmc disease in 4 of these cases (Cases 3, 4, 14 and 17).

Although improvement in gait and coordination occurred slowly in the fifth

patient (Case 2.2.) while folic acid was continued, vibration and position sense did

not begin to show improvement until folic acid was omitted two months after the

beginning of liver extract treatment.

Development or progression of subacute combined degeneration appeared to

occur with the greatest frequency in patients receiving large daily doses of folic

acid. Eight patients were receiving io or 15 mg. daily by mouth when neurologic

signs or symptoms first appeared, whereas only � developed neurologic disease

when the daily dose was � mg. or less. These observations are not conclusive be-

cause 4 of the cases on the 15 mg. dosage had previously received smaller doses.

These patients might have developed subacute combined degeneration on the lower

dosage had it been continued, and the apparent precipitation of neurologic relapse

when the dosage was increased may have been coincidental. We are impressed,

however, by the fact that of 7 patients (Cases 9, 10, II, 12., i8, 2.0 and ii) main-

tained on a low dosage (� mg. or less a day) for twelve months, only 2. (Cases io

and IL) showed neurologic relapse. One of these (Case ii) had had long-standing

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/3/1/68/573108/68.pdf by guest on 19 M

ay 2023



J. F. ROSS, H. BELDING AND B. L. PAEGEL 87

severe subacute combined degeneration and the progression of his disease was mini-

mal. In marked contrast, of 6 patients treated with io or 15 mg of folic acid daily

for twelve months (Cases i , � , �, � , � and 8), neurologic relapse occurred in 4

cases (Cases I, 3, 4 and 8) within twelve months of the last injection of liver cx-

tract. The number of cases in each series is too small and the variation from patient

to patient in susceptibility to subacute combined degeneration is too great to allow

definite conclusions to be drawn from these observations, but it was quite certain

that the patients who received large doses of folic acid developed neurologic

relapse more frequently than did those who received small doses. It was of interest

that of 12. reported cases of neurologic relapse occurring during folic acid therapy

all received io mg. or more of folic acid daily.7’#{176} Heinle and Welch’s patient ap-

parently showed acceleration of subacute combined degeneration when the dosage

of folic acid was increased to ioo mg. daily. The neurologic signs apparently pro-

gressed even after liver extract was started, and did not regress until folic acid was

discontinued. In contrast to our patients all of the reported cases were in hemato-

logic relapse prior to the induction of folic acid therapy. All but 2. of our patients

had been under intensive liver extract therapy before substitution of folic acid. It

may be this difference, rather than the larger folic acid dosage, that accounts for

the earlier development of subacute combined degeneration in the reported cases.

The fact that the majority of our patients did not develop neurologic relapse until

twelve months after the last injection of liver extract may have been due to residual

stores of liver extract as a result of previous therapy.

The failure of synthetic folic acid to prevent the development or induce the re-

mission of subacute combined degeneration makes it certain that this substance is

not the active principle responsible for maintenance of n3rmal nervous system

function in pernicious anemia. The possibility that folic acid in large doses actually

may exert a deleterious effect on the central nervous system is suggested by three

observations : the apparent greater tendency for the development of subacute com-

bined degeneration in patients who received large doses of folic acid, the apparent

acceleration of neurologic disease in some patients when folic acid dosage was in-

creased, and the persistence or actual progression of neural disease following insti-

tution of liver extract therapy so long as folic acid treatment was continued.

Theoretically it seems possible that synthetic folic acid in large amounts may

contribute to dysfunction of the central nervous system by interfering with the

metabolism of 1 (+) glutamic acid by the central nervous system. The observations

that suggest this theory are as follows: Quastel and Wheatley 11 found that 1 (+)
glutamic acid could be metabolized by nerve tissue, and Krebs12 showed that brain

slices could utilize glutamic acid for the synthesis of glutamine. Weil-Malherbe13

demonstrated that 1 (+) glutamic acid was the only amino acid that could be

metabolized by central nervous system tissue. He observed that d (-) glutamic

acid actually interfered with brain metabolism. The essential nature of I (+)
glutamic acid in nerve function was further emphasized by Nachmansohn et al.,’4

who found that the enzyme system associated with the synthesis of acetylcholine

in brain extracts, when inactivated by dialysis, could be reactivated by the addi-

tion of 1 (+) glutamic acid.

These fundamental observations establish the importance of 1 (+) glutamic acid
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in nerve tissue metabolism. They also suggest its possible role in the folmation of

acetylcholine, a mediator of nervous impulses. Folic acid has the following struc-

tural formula:

COOH � H NN
� �:

H

CH2 �,() HH OH

CH2

COOH

As indicated by the broken line, glutamic acid is one of the constituents of the

folic acid molecule, and its position in the molecule suggests that it may be able to

enter into competition with 1 (+) glutamic acid in tissue metabolism and interfere

with nerve metabolism, and possibly with the formation of acetylcholine and the

transmission of nervous impulses. If this interference does occur, it explains the

greater frequency of neurologic relapse in patients receiving large doses of folic

acid and the progression of neurologic disease in folic acid treated patients after the

institution of liver extract therapy.

That folic acid is connected in some way with acetylcholine metabolism in

clinical cases of pernicious anemia is indicated by Davis,” who reports that there

is a marked increase in the serum acetylcholine of patients with untreated pernicious

anemia, and that the administration of folic acid, liver extract or ventriculin pro-

duces a decrease in blood acetylcholine concentration.

We are now investigating the possibility that folic acid may actually contribute

to dysfunction of the central nervous system by interfering with 1 (+) glutamic

acid metabolism.

In view of recent reports that 1 (+) glutamic acid may be effective in the treat-

ment of feeble-mindedness’6 and the possibility that folic acid may interfere with

1 (+) glutamic acid metabolism, it is of interest that 2. of our patients (Cases 3 and

4) who developed neural relapses were noted by their families to have had mental

aberrations.

Whether or not synthetic folic acid in large doses actually interferes with central

nervous system function is still to be determined. Clinical evidence proves beyond

question that it is not effective in the treatment or prevention of subacute combined

degeneration of the spinal cord. For this reason, it is our opinion that no patient

with pernicious anemia should be treated with folic acid alone.

SUMMARY AND CONCLUSIONS

i. Twenty-one patients with pernicious anemia were maintained on synthetic

folic acid (pteroylglutamic acid) therapy alone for periods ranging from eight to
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seventeen months. Satisfactory blood levels were maintained in all cases receiving

daily oral doses of i.i� to i5.o mg. Severe hematologic relapse occurred within

six months in a case treated with monthly injections of 30 mg.

2.. Synthetic folic acid in oral doses of i � mg. daily induced satisfactory hema-

topoietic responses in 3 patients with pernicious anemia in severe relapse, but only

slight hematopoietic response in a fourth patient with mild pernicious anemia

but severe subacute combined degeneration of the spinal cord.

3 . Ten patients showed a significant improvement in blood values for a few

months after substitution of folic acid for liver extract. With one exception these

subsided after six or more months to pre-folic acid levels comparable with those

previously maintained with liver extract alone.

4. These observations suggest that a combination of orally administered folic

acid and parenterally injected liver extract may maintain a better hematologic

status than either substance alone.

5. A previously untreated patient with severe subacute combined degeneration

of the spinal cord failed to show improvement in neural disease during twenty-

eight days offolic acid therapy.

6. Eleven patients developed, or showed progression of, subacute combined

degeneration of the spinal cord during folic acid treatment. Neurologic disease

developed in most of these patients when the peripheral blood was normal.

7. One patient showed an extremely explosive onset and rapid progression of

neural disease. The progression of the disease was rapid in 3 other cases.

8. The institution of liver extract therapy in adddition to folic acid in � patients

who developed subacute combined degeneration during folic acid maintenance

therapy failed to prevent progression of the disease in 4 cases, and only partially

arrested the disease in the fifth, in which improvement occurred more rapidly

when folic acid was discontinued.

9. Subacute combined degeneration occurred with greater frequency in patients

on large daily doses of folic acid than it did in patients with small or intermittent

doses.

io. The possibility is discussed that folic acid in large daily doses may actually

precipitate or aggravate neurologic disease.

ii. It is suggested that folic acid may interfere with the metabolism of 1 (+)
glutamic acid in the central nervous system and possibly disturb the formation or

function of acetylcholine.

REFERENCES

1BERRY, L.J., AND Spias, T. D.: The present status of folic acid. Blood i. 2.71-306, 5946.

2HELLER, V. G., AND PAUL, H.: Changes in cell volume produced by varying concentrations of different

anticoagulants.J. Lab. & Clin. Med. 19. 777-780, 1934.

3EVELYN, K. A.: A stabilized photoelectric colorimeter with light filters. J. Biol. Chem. 115.’ 63-75,

1936.

4STRAUSS, M. B., AND POHLE, F. J.: Duration of remissions in pernicious anemia with liver therapy:

efficacy of massive dose administered at one time.J. A. M. A. 114.’ 1318-132.0, 1940.

5ASKEY,J. M.: Quantitative treatment of pernicious anemia.J. A. M. A. 117.’ 907-910, 1941.

6BWOMFIELD, A. L.: The spontaneous remission of pernicious anemia. its bearing on the nature of the

disease. Stanford Med. Bull. 2.’ 5-14, 5944.

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/3/1/68/573108/68.pdf by guest on 19 M

ay 2023



90 SPINAL CORD DEGENERATION AND FOLIC ACID

7MEYER, L. M.: Folic acid in the treatment of pernicious anemia. Blood 2.’ 50-62., 5947.

8HEINLE, R. W., AND WELCH, A. D.: Folic acid in pernicious anemia.J. A. M. A. � 739-745, 1947.

9VILTER, C. F., VILTER, R. W., AND Spias, T. D.: The treatment of pernicious and related anemias with

synthetic folic acid. I. Observations on the maintenance of a normal hematologic status and on the

occurrence of combined system disease at the end of one year.J. Lab. & Clin. Med. 32. 2.61-2.73, 5947.

10HALL, B. E., AND WATKINS, C. H.: Experience with pteroylglutamic (synthetic folic) acid in the

treatment of pernicious anemia.J. Lab. & Clin. Med. �s: 62.1-634, 1947.

‘iQUASTEL,J. H., AND WHEATLEY, A. H. M.: Oxidations by the brain. Biochem.J. 26,’ 72.5-744, 1932..

“KREBS, H. A.: Metabolism of amino acids. The synthesis of glutamine from glutamic acid and ammonia

and the enzyme hydrolysis of glutamine in animal tissue. Biochem.J. 29.’ 595 5-5969, 5935.

13WEIL-MALHERBE, H.: Studies on brain metabolism. The metabolism of glutamic acid in brain. Biochem.

J. 30.’ 66�-6�’6, 1936.

‘4NACHMANSOHN, D., JOHN, H. M., AND WAELSCH, H.: Effect of glutamic acid on the formation of acetyl-

choline.J. Biol. Chem., ‘jo. 485-486, 5943.

“DAVIS,J. E.: Reduction of excess acetylcholine in the serum of pernicious anemia patients by treatment

with pteroyl glutamic acid, liver extract, or ventniculin. Science 104.’ 5-2., 1946.

16ZIMMERMAN, F. T., BURGEMEISTER, B. B., AND PUTNAM, T. J.: A group study of the effect of glutamic

acid upon mental functioning in children and adolescents. Psychosomatic Med. 9? 175-183, 1947.

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/3/1/68/573108/68.pdf by guest on 19 M

ay 2023




