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oping muscle obtained from rat embryos of 
14 days, fetuses of 19 days, rats of 1-2 days 
an'd 9-10 days of age. The activity was cal- 
culated in micrograms od phosphlorus l h r a t e d  
in 15 min. at  37.5" per mg N. 

A11 4 fractions increase in activity during 
development; the MI fraction, containing the 
purest preparation of the myosin proteins de- 
velops in activity 6 times faster than the 
other fractions. 

Whik the apFase activity was formerly 
thought to be limlited to the myosin protein 
fraction this contributes but a minor part of 
the total activity. 

The (activity was determined for each of 4 
firactions and the sum of these, thqe activity 
of the whole hornogenate, was in close agree- 
menlt with previous d'eterminations of the 
whole hlomogmates. Received August 8, 1949. P.S.E.B.M., 1949, 72. 

Role of Pyridoxine in the Production of Leucocytes in Normal and 
Leukemic Mice." (17467) 
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Morgan, Groody, and Axelrodl showed 
that pyridoxine-deficient dogs developed a 
leucocytosis with an absolute increase in 
the numbers of circulating neutrophiles and 
an absolute decrease in the numbers of 
lymphocytes. These abnormalities could be 
corrected by giving adequate doses of 
pyridoxine. In the same year McCall, 
Wakrnan, Elvehjem, and Jones2 described 
similar leucocyte changes in pyridoxine-de- 
ficient and in pantothenic acid-deficient mow 
keys. They stated that the reversal of the 
pol y mo ~p ho nu clea r to ly mp hoc y t e ratio also 
occurnxt in ribfllavin deficiency. In bhe 
pyridoxine-deficien t animals the reversal could 
not be comcted completely by pyridoxine but 
could be corrected by whole liver. Wintrobe 
and his asmcialtes3 observed a tendency of 
the gran,uIocytes to increase in pyridoxine-de- 
ficient swine, lbut there was no reversal oif the 

* This research was made possible by grants 
from the National Vitamin Foundation and the 
Price McKinney Memorial Fund. 
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ratio od ,plymmphonuclmrs to lymphocytes. 
Stoerk, Eisen, and John* descrilbed thymus 
atrophy and a d u c t i o n  in the number of 
fixed and circulating lymphmytes, and Stoerk5 
described lymphoid atrophy and regression of 
rat lymphmarcoma in pyridoxine-deficient 
rats. In  ordler to facilitate the production of 
pyridoxine deficiency, Otts investigated the 
antipyridoxine activity of desoxypyridoxine 
hydrochloride ( 2,4-dimethy1-3-hydroxy-5-hy- 
droxymetlhylpyridine). He found thlat two 
molecules olf the analogue were sufficient to 
offset the vitamin activity of one molecule of 
pyridoxine, as measured #by chick growth. Un- 
der other colnd~t~ions~ much larger quantities 
of the analogue are necessary. These obwrva- 
tiom prompted us to investigate the effect of 
both pyridoxine deficiency land{ pyridoxine ex- 
cess on the circulating leucocytes antd hemato- 
poietic organs of normal mice and of mice 
having various abnormalities of the leucocyte 
pat tern. 

Pyridoxine Deficiency in fiormal Mice. 
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FIG. 1. 
Leucocyte changes in pyridoxine-deficient normal mice. 

Weanling mice s f  a Swiss strain were placed 
,in cages with wirte-mesh bottoms. Thfey were 
(fed ad Eibitzkrn a modification of a pteroylglu- 
tamic acid-deficient dliet which has been de- 
scribed previously ; pyridoxine and succinyl- 
sulfathiaurle were not included. The animals 
were given pteroylglutamic acid intraperiton- 
ieally in (daily doses of 20 pg. In addition 
Idesoxypyridioxinet was given subcutaneously 
as a 2% solution of thle hydrochloride. In  a 
preliminary experiment, daily doses in excess 
of 1 mg were fatal within ten days. On a 1 
mg dose the mean survival time was 20 days 
and weighit loss was marked. Many of the 
animtals developed the expected granulocytosis 
and lyxnph'openia but several did nolt. In a 
second experiment the animals were given 2 
mg daily for a week and then 1 mg daily. 
Again the leucwyte response was variable and' 
weight loss o'ccurred rapidly. Also the leuco- 
cyte changes could not !be corrected completely 

5 Weir, D. R., Heinle, R. W., and Welch, A. D., 

t Eindly furnished by Merek & Co., Inc. 
PEW. 800. E n .  BXOL. AND MD., 1948, 69, 211. 

by the administraltion of pyrid'oxine. These 
unsatisfactory results using a purified diet 
suggested a trial od a crude diet (Purina dvg 
chow) supplemenked~ by larger amounts of de- 
soxypyridoxine given parenterally, as a ps-  
sible means of producing the desired alteration 
in the leucocyte pattlern. This approla& 
proved successful. Twenty Swiss mice were 
fed Purim dog chiour ad libitum. On the 6th 
day subcutaneous in,jections of dmxypyri- 
doxine HC1 in a 2% solution were started. 
From the 6th to fhe 12th day 8 mg were given 
d'aily in1 2 doses of 4 mg each at an inlterval 
of 8 hours. Because of a high mortality in 
th'e animals the doses were then halved to 
supply 4 mg daily, ard this was continued 
to the end of the experiment; during this 
period only one mouse disd. Supplementary 
pyridoxine HC1 (0.2%) was added to the 
ground diet on Ithe 19th day. Since the mice 
ate from 3 to 6 g of dog chow daily, they were 
supplied with 6 to  12  mg of supplementary 
vitamin daily. Smaller amounts used in pre- 
liminary experiments had fail& to restore the 
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leucocyte pattern 'to normal. Total and d1i)f- 
ferential lleucolcyte counts were done twice 
weekly. At autopsy, secti'ons of liver, spleen, 
marrow, thymus, lymph nodes, and both 
admrenals were taklen for histologic study. 

As shown in Fig. 1, a complete reversal of 
the ratio of granulocytes to leucocytes occurred 
very promptly after desoxypyridoxine was 
started, with development of absolute granu- 
locytosis and! lymphqxniia. Within 3 days 
sf'ter thle pyridoxine supplement was started 
restoration of Ithe nonnal leucfocyte pattern 
had begun, and was complete 14 days later 
(36th day). After the rduction of the dose 
of desoxypyridoxine during the initial period, 
only one animal died and the others remained 
in apparent good health. There was no sig- 
nificanlt weight loss, and they did not d m l o p  
ruffled fur, convulsions, or obvious neurologic 
disturbances. Red blood oell counts were not 
done in this #experiment, but, in a preliminary 
experiment which was conducted under iden- 
tical conditions except for a lower dose of sup- 
plemientary pyridoxine, the mean erythrocyte 
count did not change significantly. 

At autopsy on the 36th day no gross or 
microscopic abnormality could be detected in 
the tissues. In order to obtain material for his- 
tologic study at a time when the reversal of the 
granulocyte to lymphocyte ratio was estab- 
lished, 20 mice were maintained on the regimen 
described above, but were not given the sup- 
plementary pyridoxine. Fifteen of the 20 sur- 
vived to be kiIled on the 37th day, at which 
time granulocytosis and lymphqxnia, with a 
complete reversal of the ratio, had bleen pres- 
ent for 32 days. None of these animals showed 
any evidence of lymphoid atrophy. The thy- 
mus glands and lymph noldes were normal in 
appearance, and the splenic (follicles were, if 
anything, slightly hyperactive. There was no 
increase in the size of the adrlenal glands or 
demonstrable change in their cytdogical struc- 
ture. Thle marrows showed possible increase 
in cellularity due to increasled numbers of 
granulocytes without increase in immature 
cells, although this change was not mzarked. 
The liver of m e  animal that died early showed 
ext ensivle hemorrhagilc necrosis. The liver of 
another that survived to be killed showed a 
few small fooi of necrosis. There is reason to 

believe that a generalized tissue deficiency od 
pyridoxine had not been established. Growth 
was not impaired, oonvlulsions did not occur, 
there was very slight anemia, and lymphoid 
regression or atrophy was not present at 
autopsy. It is likely that a partial deficiency 
is sufficilent [to produce the lmeucocyte 
shift without producing other demonstrable 
changes. 

Efect of Pyridoxine Deficiency on the 
Leukemia of A k  Mice. In  mice of the Ak 
strain the intravenous injection oif cells from 
diseased older animlals produces leukemia in 
100% af younger animals? In the animals 
now lbeing bred in this laboratory this is be- 
lieved to be a mixed type oE hukemia, in 
which both adult gcrmulocytes and adult lym- 
phocytes participate, with the appearance of 
small numbers of immature blastic cells. A b u t  
10 to 15 days after trmplanlting, the total 
leucocyte count begins to rise. It remainis 
elevated for 10 to 20. days and then falk to- 
ward normal levels shortly befo're the animal 
dies. Death usually occurs 25  to 35 days after 
the (transplant. Differential counts show that 
the initial rise is due to an increase of granulo- 
cytes. The ratio of these cells to lympho- 
cytes may be  as great as 4 to 1. As the 
leukemia progresses the lymphocytes increase 
and, coincidientally with this rise, the granub- 
cytes begin to fall and reach ncormal levels 
when the lymphocytes are still elevated. At 
death any elevation of counts above normal 
is due to increased n!urnbers of lpphocytes. 
The im,mature blsastic cells a p p r  in small 
numbers at the height of the lmcocytosis dl 
persist until death. The effect of pykbxine 
deficiency on this leucocyte pattern was in- 
vestigated, Fourteen weanling Ak mice were 
placed on a diet lolf Purina dog chow. On the 
first day all1 animals were given intravenous 
injections of a suspensim of cells from lymph 
nodle anid spleen of a diseased older animal. 
On the 8t;h day a group of 9 was started on 
dewxypyridoxine hydrochloride. Each was 
given 1.5 mg subcutaneously twice daily. Total 
and differential leucocytle counts were done at 
the end of the first week and twice weekly 

9 Weir, D. R., and Heinle, R. W., PRoC. S O C .  

EXP. BIOL. AND MED., 1947, 643, 268. 
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FIG. 2 .  
The effect of pyridoxine deficiency 011 the panu-  

locytosis of Ak I ~ O U S C  leukeniia. 

thereafter. The mean survival time of the 
animals receiving desoxypyridoxine was 24.6 
days as colmpared to 31.8 days for the con- 
trols. This decrease in survival time is sta- 
tistically significant. The valule for P is 
less th,an 0.02.1° The leucocyte patterns are 
s h w n  in Fig. 2. I n  the early stages of the 
leukemia the granulocyte counts of the ex- 
perimental animals were generally higher than 
those of the controls. On the 25 th  day and 
thereafter all the granulocyte counts oif thle 
experimental anlimials were 2 to 6 times as 
great as the highest count shown by the 
controls dluring the samse period. The lympho- 
cyte counts of the experimental animals were 
generalily lower than those of the controls but 
not significantly so. Histologic study of sec- 
tiom od h e r ,  spleen, bone marrow an8 lymph 
rides taken at  autopsy failed to reveal any 
difference between the experimental and con- 
trol groups. 

lOFlischer, R. A., Statistical Methods f o r  Re- 
search Workers, Oliver and Boyd, Edinburgh, 1934. 

Preliminary Studies of the Eflects of Pyri- 
doxine in Excess. Groups of normal mice were 
given parenteral pyridfoxine HC1 in divided 
diaily doses of 8 and 16 mg for a period of 
48 days. None of the animals showed any 
significanlt change in the leucmytle pattern. 
Three groups of 5 Ak mice were injected 
intravenously with a leukemic tramplant. All 
were maintained on dog chow diet. One group 
received 2 mg of parenteral pyridoxine HlCl in 
a single daily d'ose; another group received 4 
mg; and the third group served. as conlbrols. 
The pyridioxine suppl'emmt failed to inifluence 
the course of tlhe leukemia or to alter the histo- 
logic findings at  autopsy. During the study 
of a rnyeloid metaplasia factor from h u m  
urine Heinle, Hirschmann, and Wearnll ob- 
served that the iniection of certain extracts of 
urine from patients with chronic myelloid leu- 
kemia, produced a molderate to marked] granu- 
locytosis in mice. The effects of excess 
amounts of pyridoxine on this granulocytosis 
was studied. Ten adult Swiss mice were given 
for 10 days daily injections of a urine extract 
kmwn to be potent. Five of these also were 
given pyridoxine hydrochloride parenterally 
in doses of 8 mg twice daily. The means pdy- 
morphonuclear count of the 10 animals a t  
the beginning of the experiment was 3370 per 
cu mni. A4t the end of the 10 day injection 
periosd the mlean for thle group receiving pyri- 
doxine was 32,615; for those not receiving 
pyridoxine it was 43,544. The difference is 
not statistically significanlt. 

Discussion. The results indicate that a de- 
ficiency of pyridoxine causes an incrlease in 
granulocyte production in normal mice and 
in mice dying firom, transplanted leukemia. It 
is known that vitaminls od the B6 group take 
part in transaminatilon andl decarhxyla- 
tion,I2-l4 and that the active compound is a 
phosphorylated form of pyridoxal acting as co- 

11 Heinle, R. w., Hirschmann, H., and Wearn, 
5. T., Approaches to Tumor Chemotherapy, 1947, 
77. 

12 Schlenk, F., and Snell, E. E., J. Bid. C h m . ,  
1945, 157, 425. 

13 Bellam?-, W. D., and Gunsalus, I. C., J .  Bact., 
1943, 46, 573. 

14 Gunsalus, I. C., and Bellamy, W. D., J .  Buct., 
1944, 47, 413. 
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transaminasle and co-decarboxylase .16-18 In' 
the intact normal animal the various corn- 
;pounds of thme group presumably are freely 
interconvertible.1y~20 Fmm these considera- 
tions, the hypothesis is siuggestd that the 
granulocytasis in pyridoxine-deficient mice is 
due ?to the faillure on the part of the animals 
to transaminate, dlecarboxylate, olr otherwise 
modify unneeded supplies of granulocyte- 
building substances, and that the m i m l s  
thereupon utilize these unneeded supplies in. 
producing excess numbers, of granulocytes. It 
is not necessary to assume that the reverse 
would  be true. A furthAer hypthesis m y  be 
made th'at the granulocytosis of a disease stake 
such as human myelloid' leukemia may be due 
to a defect in the absorption olr utilization lolf 
vitamins of the BB group. Although freely 
interconvertible in the intact ~mimal, this may 
not be true of t h ' m  in the diseased anlimal. 

15 Gunsalus, I. C., Bellamy, W. D., and Umbreit, 
W. MT.; J .  Biol. Chew?., 1944, 155, 685. 
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17 Anies, S. R., Sarma, P. S., and Elvehjem, 
C. A.: J .  Biol. Chem., 1947, 167, 135.  

18 Beiler, J. M., and Martin, G. J., J. B i d .  
Chewi., 1947, li69, 345. 

lQSarma, P. S., Snell, E. E., and Elvehjem, 
C. A., PROIC'. Sac. E n .  BIOL. AND MEI)., 1946, 63, 
284. 

20 Junqueira, P. B., and Schweigert, B. S., 
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Further investigations in1 mice and in leukemic 
human beings are in progress to test the 
validity of these hypotheses. It has been 
demonstrated that adlrenworticoitropic and 
adrenal cortical hormones will cause granulo- 
cytosis and lymphopenia in animals.21*22 In 
our histologi'c material we coluldi not dmemoa- 
strate evidence of adrenal cortical hyperplasia. 

Summary. 1) Pyridoxine deficiency in mice 
produces grmulocy tosis and lympbpnia .  2 ) . 
The lleuk~emia of ithe Ak mice now being bred 
in this laboratory is participated in by both 
granulocytes a d  lymphwytes. In pyridoxine 
dleficiency the leukemic granulocytosis is miore 
severe and the survival time oif the animals is 
decreased. 3)  The hypothesis is advanced tlhat 
the granulocytosis in pyridoxine-deficient mice 
is due to the failure an lthe part of the 
animals to! penform metabolic functions in1 
which pridoxine derivatives play a catalytic 
role; thus, supplies of Icompounds used in the 
formation of granulocytes accumulate, and, as 
a result, (the animalis utilize this plethora in 
prolducing excess n'umbers of granulocytes. 
ThIe implications !of this hypothesis are dis- 
cussed. 

21Valentine) W. N., Craddock, C. G., Jr., and 
Lawrence, J. S., Blolod, 1948, 3, 729. 

22 Hills, A. G., Forsham, P. H., and Finch, 
C. A., Blood, 1948, 3, 755. 
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Device for Measuring Blood Pressure in the Unanesthetized Rat. (17468) 
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The simple technic for measuring blood 
pressure in the rat described here consists of 
placing a cuff pa-manently around the a b  
dominal arorta and vena cava just above 
their bifurcations and measuring the blood 
pressur;e by means a f  an oscillometer and 
mercury manometer. 

Description of the Apparatus and I t s  Use. 
The aortic cuff is shown in Fig. 1.  It con- 
sists of a latex bullb with a short stern which 

TUBE BULB SHELL 
FIG. 1. 

The aortic, cuff unassembled. 

is fitted on to a piece of plastic tubing, and 
a plastic shell into which the bulb is inserted. 


