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Hematology in Vit. B1, Deficient Newborn Rat.” (24618) 

lf,.ith isolation of Vit. B I Z (  1,2)’ it was 
shown that this vitamin fulfilled the role of 
Castle’s extrinsic factor as well as that of the 
hemopoietic factor in liver ( 3 ) .  A number of 
investigators(4-7) reported the effect of Vit. 
B12 deficiency on blood of animals with rather 
wide variations in effects produced among dif- 
ferent species. This paper includes results of 
blood and related tissue studies of newborn 
rats littered to Vit. B12-depleted dams. 

Methods. Newborn offspring of Vit. B12- 
deficient and Vit. €3 12-supplemented dams 
were used. Dams were depleted of Vit. BIZ  
by maintaining them on soybean meal-glucose 
type diet from time of weaning. Methods em- 
ployed for production of the deficiency and 
for histological studies were described previ- 
ously (8).  Blood was obtained by decaDita- 
tion and hemoglobin was determined by direct 
photometric method (9).  A Hellige-Diller 
colorimeter, calibrated with a sample of blood 
whose hemoglobin content was calculated from 
its iron analysis, was used for measurement. 
Red cell, leucocyte and differential counts on 
blood obtained as described above: were made 
by standard procedures. Erythrocytes were 
examined for sickling by mounting a small 
drop of blood with a drop of fresh, 1% aque- 
ous solution of sodium bisulfite under cover- 
slip and examining n~icroscopically after 5 
minutes. Hematocrits were determined in 
Van Allen hematocrit tubes using 1.3% so- 
dium oxalate as diluent. 

Results. Table I shows that a significant 
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difference in blood picture existed between 
controls and Vit. BI2  deficient newborn rats. 
Hemoglobin, hematocrit values and erythro- 
cyte counts were considerably decreased in the 
deficient rats. Leukocyte counts were re- 
duced to about one-half that of controls and 
the differential counts showed this difference 
to be manifest mainly in percentage of ma- 
ture neutrophils. Neutrophilic granulocytes 
appeared unable to mature properly leaving 
more cells in the myelocytic and metamyelo- 
cytic stages. 

Erythrocyte concentration was reduced sig- 
nificantly in peripheral blood and large num- 
bers of nucleated red cells were present in the 
deficient animals. Peripheral blood films 
showed pol y chr oma top hilia, anisoc y t osis, poi - 
kilocytosis, smudge cells, and objects resem- 
bling degenerate erythrocytes (Fig. 1 ) .  
Sickling mounts indicated that these were not 
true sickle cells. 

Bone sections showed that the bone was 
poorly developed. There was a lack of normal 
calcification and a failure of normal endo- 
chondral bone growth and remodeling se- 
quences. Osteoblasts were reduced in num- 
ber and those present appeared less active 
than controls. Both cartilage cells and osteo- 
blasts contained very little glycogen compared 
to controls. Clumps of cartilage cells were 
observed in the bony collar, and in many cases 
tongues of nucleated cartilaginous cells ex- 
tended down into the marrow cavity from the 
epiphyseal plate (Figs. 2 and 3 ) .  Bone mar- 
row from deficient animals showed active he- 
mopoiesis and a 2- to 3-fold higher concentra- 
tion of pro-erythrocytic elements, a large por- 
tion of which were pronormoblasts (Figs. 4 
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FT(:. 1. Rctl blood cell smear froin ricwborn R,, 
Ilcficiciit - ixt showing objects rcsrinbliiig sicklr 
(*(111:.. Soiiic~ wcrc irrcgularly rounded with pro- 
i i o i ~ i i r c v l  \ . i ~ c i ~ ~ l : l t i ~ i i ~ .  Wright’s stain, x 21 5. 

P I ( ; .  2. k$ipli~se:il area from femur of a con- 
t 1.01 ~ i c ~ ~ \ - I ~ o r n  rat. S o t e  orclcrly arraiigeincrtt of 
(.:irtil:ipc wlls ;uid cwlochoiidr;il bone growth. I€. .% 
15. stain, x 30. 

1 4 ’ 1  ( i .  3 .  Epiphysrnl arc3 froin fciiiiir of iiewboni 
1.i t l;,; ( ldkioi i t  rat s l io~~ i i ig  irrcgiilar shnft of car- 
ti 1:tg~ cistcwcliiig into ni;irrow cavity. JIany of 
tlirsc c.:ii.til:igc> cclls contain nuclei. H. 8; E. staiii, 
>( 3 1 .  

~!iowii ig  iioi*~ii;il cellularity. H. and E. stain, x 30. 
l<’lG. -j. l3oiic inarrow from ricwborn vit B,, defi- 

vi  tii! t r:it slionj ng incrc:iscrl cellularity. Much of 
t h c l  inc.~c~:isc w:is due t o  iiiiiiinture crythroid a id  
~iiyc~loid c~lciiic~lits. H. k E. stain, X 30. 

FLG. (i. I , iwr section froin control newborn rat 
hliowing cxtr:imcdullary heniopoicsis within sinus- 
(,ids. TI. & E. stain, X 267. 

F I G .  7. l i v e r  section from vit  B,, deficient IICTV- 
I torii rat sliowiiig lack of crythropoiesis, presence 
of c.~to1)1;tsniic lipide accumulations, and large, ir- 
~ ~ g i i l a r  v1iiiq)s of anclear chromatin. H. & E. stain, 
>( 2 ( ; i .  

m i .  4. I : ~ ) ~ ~ ~  l l l ~ l ~ r o ~ ~  f T O I I l  I l (~~vbo~11 colltroi r:lt 

and 5 ) .  The granulocytic elements contained 
pale. vacuolated nuclei. 

The liver is a part of the erythropoietic 
system in the infant rat, and for this reason 
the organ was studied histologically along 
with blood. Liver sinusoids showed vascular 
blocks and were plugged with fatty material 
and cellular debris. The nuclei showed mar- 
gination and clumping of deeply staining baso- 
philic chromatin material. The cytoplasm of 
cells was distended with lipid material. There 
was a marked reduction in hemopoietic activ- 
ity with only a few erythroblastic elements 
scattered about in the tissue (Figs. 6 and 7). 
These elements were densely chromatic and 
many were pyknotic. 
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Discussion. Anemia, leukopenia and gran- 
ulxytopenia observed in Vit. BI2 deficient ani- 
mals was similar to that reported by Borson 
et al.( 7). The fact that the greatest change 
in Ieukocytes was in mature neutrophils, sug- 
gests that neutrophilic granulocytes were un- 
able to mature properly in absence of Vit. BIZ. 
The observation on peripheral blood films was 
supported by bone marrow studies. Granulo- 
cytic myelocytes contained psle, vacuolated 
nuclei deficient in nuclear chromatin material. 

The presence of large numbers of nucle- 
ated erythrocytes in peripheral blood film of 
deficient animals indicated release of these 
cells from marrow before they were matured. 
This finding and the anemia which was pres- 
ent in deficient animals suggests that defi- 
ciency of Vit. BIZ has an effect on the new- 
born rat similar to blood dyscrasia in perni- 
crous anemia of man. Sickle-shaped objects 
were not true sickle cells; they may have been 
fragments of red blgod cells which had under- 
gone degeneration as a result of increased fra- 
gility. 

The changes observed in liver agree with 
those reported by Jones et al.( 10). The re- 
duction in hemopoietic elements in liver of de- 
ficient rats no doubt contributed to the ane- 
mia, which was primarily the result of mal- 
functioning bone marrow. Accumulation of 
fatty substances in the hepatic cells suggests 
that lipid metabolism is deranged as a result 
of Vit. BIZ deficiency. 

Reduced calcification of bone as well as 
decreased osteoblastic activity may be re- 
lated to reduced phosphatase activity in Vit. 
BIZ deficient bone( 1 1 ) .  Immaturity of bone 
as well as of other tissues is related to a more 
generalized failure of cells to undergo normal 
cell division and growth. 

Summary. Vit. B12 deficiency in the dam 

resulted in newborn rats with anemia, leuko- 
penia and granulocytopenia. The liver showed 
a marked reduction in hemopoietic elements, 
vascular blocks, and an accumulation of lipide 
in the hepatic cells. The femur of Vit. BI2 de- 
ficient rat showed abnormal patterns of growth 
and bone marrow contained increased concen- 
tration of hemopoietic elements. However, 
most cells appeared unable to complete ma- 
turation. 

The above data are taken in part from thesis pre- 
sented by P. M. Newberne in partial fulfillment of 
requirements for Ph.D. degree, University cf Missouri. 
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