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.Yew I'ork. 

Sauberlich and Bauman( 1 ) first described 
a factor ( C F )  present in liver which is neces- 
sary for the growth of Lcziconostoc c-itro~lorum 
SOS1. The relationship of folic acid and as- 
corbic acid to this factor has been recentljr 
reported by Sauberlich ( 2 )  , and Sichol and 
\\'elch ( 3.4 ) . 

The present study was undertaken to in- 
1-estigate the effect of parenterall\* admin- 
istered CE' to 5 patients with pernicious 
anemia in relapse. Each case showed hyper- 
chromic niacrticytic anemia. histamine-fast 
achlorhydria, and niegaloblastic bone mar- 
row. Roentgen examinations of the gastro- 
intestinal tract. urinalyses and blood chem- 
istr!- determinations disclosed no abnormali- 
ties. The concentrate contained 20 million 
CE' units per m1.t Four of the patients re- 
ceived 1 ml of the concentrate intramuscu- 
larly, daily, and the fifth was given one-half 
of this dose. Hemoglobin and red blood ce?l 
determinations were made three times a week, 
leukocyte counts once a week, and reticulocyte 
es t i In a t i o n s d a i 1 y . 

-4. R.. white female, age 62. 
was admitted to the hospital with a history 
of Paget's disease of 30 years' duration. The 
patient had no symptoms referable to the 
anemia. Physical examination revealed the 
typical findings of Paget's disease and an  
atrophic smooth tongue. Seurologic status 

Y I ' o c F ~ ~ ~ .  

was normal insofar as it could be determined. 
The initial blood examination showed hemo- 
globin 4.5 g per 100 ml and red blood cells 
1.44 million per cmm. She received 1 ml of 
C F  intramuscularly, daily. Her appetite was 
increased on the fourth day. She became 
more cheerful and talkative than she had been 
in many years. Her strength gradually im- 
proved and there was an increased sense of 
well being. The  reticulocyte response was 
submaximal ( 1 5.3 % ) . The hemoglobin and 
red blood cells rose slowly. and remained 
stationary at  a level of 8.5 g and 2.50 million 
per cmm, respectively, after 42 days of treat- 
ment (Fig. 1 ) .  .Accordingly, the dose of 
medication was doubled and a secondary rise 
in hemoglobin and erythrocytes ensued. Dur- 
ing the first phase of treatment with 1 ml 
of CF daily the leukocytes remained below 
5,000 per cmm. After the dose of C F  was 
increased to 2 ml per day the white blood 
cells rose to a level between 5,000 and 6,000 
per cmm. After 2 months of treatment the 
hematologic values did not reach normal Val- 
ues. The  neurologic status was unchanged. 
Clinically the patient was improved. 

E. Nc..  white female, age 63, was a known 
case of pernicious anemia since 1936 who had 
intermittent and frequently incomplete treat- 
ment because of her failure to attend the 
clinic regularly. She received no therapy for 

A Supplied by Dr. J .  M. Ruegsegger, Lederle Lab. 4 months prior to the present admission. Her 
oratorie;  T>ivision, .4merican c! anamid co,. pearl chief complaints were weakness and a burn- 
River. S E'. ing sensation in both legs. Physical examina- 

1 Sauberlich. H. E., and Bauman, C .  A, ,  J .  ~ i o l  tion revealed an  enlarged liver 4 crn below 
C ~ ~ I I Z . ,  lWS,  ~ 1 7 6 -  165. the right costal border, loss of position and 

weakness and flexion deformities of both legs, 407. 

EXP. BIOL. ASD MED., 1950, v73, 5 2 .  initial hemoglobin and red blood cell values 
were 9.0 g per 100 ml and 2.60 million per Hror  . AXD Mm., 1950, 6 4 .  403. 

anh>draus free acid of CF(5) .  C F intramuscularly, daily. Improvement in 
appetite and sense of well being was not ob- 

2 .  Sauberlich, H. E., J .  B i d .  Cheiit., 1949. ~ 1 8 1 ,  vibratory Senses in both lower extremities, 

3 .  Sichol, c. ~4.9 and Welch, A. D.. PROC. SOC.  and weakness of ankle jerks bilaterallp. The 

1. Sichol. C.  A, and Welch, -2. D., PROC. SOC. E m .  

t One C F  unit is equivalent t o  0.0001~ p g  of the cmm, She was given 1 m1 of 

5 .  Broquist, H. P. Personal communication. 



CITROVORUM FACTOR IN PERNICIOUS ANEMIA 87 

% Hb 

50 15 

Retics grns ;B31 

B'IG. 2. 
1Ieni;itologic data on patient E.Mc. with yernicious anemia 

treated with 30 and 40 million units of C P  iiitmniuscularlp daily. 
I he reticulocyte response was subinaxiiri:il :ind tlie heni:~ tologic 
values were suboptimal. 
.l 

served until the tenth day of treatment and 
was very slow thereafter. A prolonged sub- 
maximal reticulocytoisis (up to 7 % )  was noted 
(Fig. 2 ) .  The hemoglobin and erythrocyte 
values rose slowly to a stationary maximal 

level of 11.5 g per 100 ml and 3.05 million 
per cmm? respectively, after 35 days of treat- 
ment. The neurologic status improved in that 
the patient no longer complained of burning 
of her legs. The dose of C F  was increased 
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to 2 nil ,  intramuscularl!.. dailJ-. ;1 rise in the 
amount of hemoglobin and the number of red 
blood cells followed: a t  the end of 66 days 
oi treatment they were 12.5 g per 100 nil and 
4.00 million per cmm. respectively. 

(.. 31.. white female. age 60. was admitted 
to the hospital because of Parkinson's disease, 
cerebral arteriosclerosis. and a history of left 
hemiplegia 6 years previously. Physical ex- 
amination disclosed generalized rigidity and 
tremors. Sumerous purpuric areas were seen. 
Seurologic esamination showed a positive 
Babinski sign on the left side. diminution of 
position sense in toes. and vibratory sense 
reduced in both legs. The initial blood es- 
amination showed hemoglobin 7.5 g per 100 
nil and erythrocytes 1.86 million per cmm. 
respectively. The  patient was given 1 ml of 
CF. intramuscularly. daily. Within 3 days 
she felt stronger. S o  new purpuric spots ap- 
peared. Two days later her appetite was in- 
creased. -4fter this the patient showed rapid 
clinical improvement and gained weight. Six 
weeks later the Babinski s i p  was negative 
bilaterally. The patient was able to detect 
vibration in both legs and position sense was 
now intact in both feet. The  reticulocyte re- 
sponse was submaximal ( 16.67; ) .  The hemo- 

globin and erythrocyte values rose to a sta- 
tionary level of 11.5 g and 3.30 million per 
cmm, respectively, after 56 days (Fig. 3).  
The dose of CF was increased to 2 ml daily. 
-4 rise of red blood cells to 4.20 million per 
cnim followed but the hemoglobin was un- 
changed after a total course of treatment of 
84 days. The  neurologic status showed no 
further improvement. 

0. J.. white male: age 70, was admitted to 
the hospital completely disoriented and with 
no available history. On examination he was 
pale and weal;. Seurologic examination was 
unreliable. The initial hemoglobin and 
erythrocyte values were 5.0 g per 100 ml and 
1.75 million per cmm? respectively. H e  was 
given 500 ml of blood and then treated with 
1 ml of CF, intramuscularly, daily. Clinical 
improvement was observed on the third day 
as evidenced by an  increase in appetite, 
strength, and sense of well being. H e  was 
out of bed on the sixth day. -1 maximal 
reticulocyte count was observed (26.7%). 
The hemoglobin level and red blood cell 
count rose to 12.5 g per 100 ml and 4.60 mil- 
lion per cmm, respectively, after 47 days of 
treatment (Fig. 4).  The  patient died sud- 
denly a t  home of a coronary thrombosis. 
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F I G .  4. 
Hematologic da ta  on paticiit O.J. with pernicious anen)i;t 

t i m t e d  with 20 million units of ('3' iiitramuscularly daily. Tlic 
reticulocyte response was masiin:il 8ncl the hematologic wlucs  
rcac.11e.d near iioriiial lmels a f tc r  4 i  da!-s of t i ~ x t i n ~ n t .  

B. H., white female. age 63, was admitted 
to the hospital because of anorexia, weakness, 
loss of 50 Ib, and numbness and tingling of 
fingers and toes. Physical examination re- 
vealed mild Parkinsonism, smooth tongue, 
and absence of position and vibratory senses 
in toes. The initial hemoglobin and erythro- 
cyte values were 4.0 g per 100 ml and 1.01 
million per cmm, respectively. The patient 
was transfused with 500 ml of blood and 
treated with 0.5 ml of CF, intramuscularly, 
daily. Subjective improvement was reported 
on the eighth day, at  which time a submaximal 
reticulocyte peak (13.7%) was noted (Fig. 
5 ) .  The following day she suddenly became 
dehydrated. She was transfused with 500 ml 
of blood and the dose of CF was increased 
to 1 ml per day. A\ secondary reticulocytosis 
(13.0%) followed. At this time the urine 
contained large numbers of clumps of leu- 
kocytes. She was treated with penicillin, 
streptomycin, fluids, and large doses of vita- 
min B12. -4 third reticuIocytosis (14%) oc- 
curred 2 days later. She became comatose 
and died 3 days later. 

Discussion. From the foregoing data it 
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is evident that the daily administration of 10 
or 20 million units of citrovorum factor intra- 
niuscularljy was insufficient to produce a 
satisfactor!. reticulocytosis in 4 of 5 patients 
with pernicious anemia in relapse. Three of 
these persons reached stationary blood levels 
below 12.0 g of hemoglobin per 100 ml and 
4.0 million erythrocytes per cmm, respec- 
tively, after 35, 42. and 66 days. respectively. 
-4 fourth patient appeared to have attained 
near normal values when he died suddenly of 
a vascular accident. The  fifth patient clearly 
shoxed a poor response to  daily administra- 
tion of 10 niillion units of citrovorum factor. 
In  view of the intercurrent infection the efL 
cacj. oi the 2 nil dose cannot be evaluated 
in  this subject. Because of complicating as- 
sociated disease clinical and subjective reac- 
tions were difikult to estimate. Improvement 
in appetite. strength. and well being appeared 
to follow in all instances but not so dramati- 
call!. as with adequate amounts of liver ex- 
tract. vitamin B,:. or folic acid. This is 
probably due to the inadequac>- of 20 ntillion 
units per (la!- as an optimal dose, Significant 
increases i n  erythrocj-tes were observed in 3 

patients when the citrovorum factor was in- 
creased to 40 million units a day. Further 
evidence of the inadequacy of the initial dose 
was shown in patient -A. R. in whom leuko- 
penia persisted until the medication was in- 
creased to 2 ml a day. Seurologic examina- 
tions were difficult to evaluate because of as- 
sociated complicating diseases. I n  one case, 
however, a distinct improvement followed 
treatment with 20 million units a day. 

Suinnzarjl. The daily administration of 
10 or 20 million units of citrovorum fac- 
tor to 5 patients with pernicious anemia 
in relapse usually is followed by a 
submaximal reticulocyte response, suboptimal 
levels of hemoglobin and red blood cells, 
and moderate to good clinical remissions. 
In  one case a theoretically maximal reticu- 
locyte response followed the daily ad- 
ministration of 20 million units of citro- 
vorum factor. Seurologic signs improved in 
one patient. Although the daily administra- 
tion of 40 million units produced a further 
rise in erythrocytes in 3 cases, normal blood 
;dues  were not attained. 

Keceived Sovemher 21 .  10.50. P.S.E.H.M., 1951, v76. 

Effect of Photodynamic Action on the Viscosity of Desoxyribonucleic Acid.* 
(18396) 

Recent observations (1)  have indicated the 
possibility that photodynamic action (the 
combined effect of radiations and sensitizing 
agents) is mutagenic as well as lethal to 
certain bacteria. Since genes are thought to 
contain desosyribonucleic acid (DKA) . it is 
conceivable that niutations occur when the 
native structure of the I ) S A  is altered. Some 
strength to this contention is given by the 
reports that several mutagenic agents, such 

* Supported in part by a grant from the Tippe- 
canoe Count?. Cancer Societ!. made through the 
Lions Club of Laiaj-ettc.  

1. Kaplan, R. W ,  LVaturt,, 1949, v163, 573.  

as  ultraviolet radiations(2), X-rays(3,4), 
mustard gas and the nitrogen mustards( 5,6), 
and peroxides(7) apparently are able to 

7.  Hollaender, *4., Greenstein, J .  P., and  Jenrctte, 
I&'. I-.. J. S a t .  Cunccr ZnJt., 1941, v2, 23. 

3 .  SparroLv, A .  H., and Rosenield, F. M., Science, 
1936, ~101, 21.5. 

1. Ta?!or. B., Greenstein, J .  P., acd Hollaender, A., 
Cold S p r i n g  Hurhor S y i n p .  Qitnnt. Riol., 1 M i ,  v12, 
2.57. 

5 .  Gjessing, E.  C. .  and Chanutin. .\.. Cancer Re- 

6. Butler, J .  .4. Y., Gilbert, L. A, and Smith, K.  .4., 
search, 1946, v6. 59.3. 

Xuture, 19.50, v165, 714. 


