
yuestional)le whether one may, a t  this time, 
associate the calcification process in inorganic 
phosphate an tl gl ycerop hospha te solutions 
with two completely discrete mechanisms. 4. 
Strontium: l)ariiim! and iiiangmoiis ions share 
with rnagnesiuni the property of mediating the 
cyanide inhibition of calcification. 
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Effects o f  a Coinbiiied Ileficiency of Vitaimins E and 13,; on Blood Picture 
of Rat.* (20854) 

One sign of ::cute vit. 1.: deficiency in 
monkej*s and rabbits is leucocytosis( 1.2). 
There is a marked increase in the numbers of 
circulating granulocytes with little change in 
the numbers of I h o c l  1yml)hocytes ( 1.2 ) . \%a- 
min €3,; is also concerned in hemopoiesis. Tt 
has been shown that H,,-deficient dogs( 3 )  and 
pigs ( 4 )  develop a microcytic anemia. \Veir 
c /  d . ( 5 )  reported that the injection of a vit. 
H,; antagonist (desosypyridoxine) into mice 
resiil ted in a decrease in circulating Iyinpho- 
cytes and an increase in granulocytes. These 
changes could be reversed by the adniinistra- 
tion of pyridoxine. Quite recently Vilter 
c’f NI. (6 )  reported the effects of administering 
desoxypyridoxine to man. They observed an 
absolute lymphopenia with a tendency toward 
polyniorl,lionuclttar lcucocytosis. In contrast 

* Research paper 004. Journal Series, lrniversity 
o i  .-\rkaiiias. Thi.G investigation \\-as supported by 
:I rc-w:irdi grant from thc S:ilion:ll 1iisiilii.ics o f  
I-lcalth, U. S. Public Health Servicc. 

Xintrobe et  al. (4) observed no significant 
change in leucocytes as a result of vit. BG 
deficiency in pigs. 

Tn general? the leucocyte changes which 
have been observed in vit. B,; deficiency re- 
semble those of vit. E deficiency. There is 
some biochemical data which suggest a rela- 
tionship between vit. €3 and vit. B(; in metab- 
olisni(7.8). For these reasons a study was 
made of the effect of a combined deficiency of 
vit. E and vit. BG on the hemogram of the rat. 

Methods. Weanling littermate Sprague- 
Dawley rats of both sexes were fed a basal 

‘l’ABLE 1. Weight CJhangw and Food Consump- 
tion of Hats Fcil the Experimental Diets. 

Mean Mean Mean 
No. of initial final daily food 

Ilict rilts wt, g wt, g intake, g 

BWil 9 50 102 4.6 
” + 1.; 49 706 5.4 
7 -  + ri,l 7 47 194 8.6 
” -k I.;, + J$ 7 48 223 8.3 

r. 



diet consisting of casein, 18.6 g;  sucrose, 67.4 
g; lard, 8.0 g; cod liver oil, 2.0 g;  salt mix ( J .  
Nutrition, v14, 273), 4.0 g: choline chloride 
.1 g; inositol, 10 mg; riboflavin, .8 mg; thia- 
min HC1, .5 mg; Ca pantothenate, 2 mg; nico- 
tinic acid, 2 mg; and menadione, .44 mg. This 
diet is deficient in vit. E and Bo. One group 
of rats was given this diet without supple- 
ment. Three other groups of rats were given 
the basal diet supplemented with pyridoxine, 
a-tocopheryl acetate, and the combination of 
the two, respectively. Pyridoxine was mixed 
with the diet at  a level of 10 mg per kilo. 
Tocopherol was given orally 2 times weekly. 
The animals were given 2 mg of a-tocopherol 
acetate per dose until they reached a body 
weight of 100 g at which time the dose was 
increased to 4 mg. Food and water were. given 
ad libitum and food intake records were kept. 
The rats were fed these diets for 105 days. 
Complete blood counts on tail blood were 
made at  frequent intervals, using standard 
hematological technics. 

Results. The effects of the supplements on 
weight gain and food intake are given in 
Table I. Vit. BG markedly increased growth 
and food consumption. Supplementation of 
the basal diet or the vit. B(;-containing diet 
with vit. E had no significant effect on growth 
or food intake. 

Erythrocyte counts and hemoglobin, and 
hematocrit determinations were made on tail 
blood from all rats a t  frequent intervals. The 
results were all within the normal limits for 
the rat and the data are not given. 

The leucocyte data given in Table I1 were 
obtained between the 95th and 105th experi- 
mental days. The values are the mean of 2 
to 3 bleedings for each rat in the various 
groups. Monocytes and eosinophils were 
present in insignificant numbers in all 
groups. Animals receiving the diets without 

vit. B,; exhibited slightly lower lymphocyte 
counts than did the vit. B6-supplemented 
groups. This difference in number of lympho- 
cytes was found to be statistically significant 
when the data were analyzed by the analysis 
of variance method (P <O.OS). I t  must be 
realized that animals in the vit. B{;-deficient 
groups consumed less food than did the B(;- 
supplemented animals and inanition has been 
shown to result in a reduction in the numbers 
of peripheral lymphocytes of rats (9). 

The most striking effect observed was the 
great increase in circulating neutrophils in 
rats deficient in both vit. E and B,$. The 
numbers of peripheral neutrophils of animals 
in this group were elevated 7-fold when com- 
pared with control animals receiving both 
vitamins. Supplementation of the basal diet 
with either vit. E or B(; markedly reduced the 
numbers of neutrophils. The combination of 
the 2 vitamins reduced neutrophils only 
slightly more than either of them separately. 

In Fig. 1 neutrophil counts are plotted as 
a function of time on the various diets. The 
increase in number of neutrophils of rats fed 
the basal diet began about the 50th day of 
feeding and continued rapidly thereafter. 

The most striking finding in 
these experiments was the observation that 
rats deficient in both vit. E and B,; exhibit a 
marked granulocytosis and that this condition 
is prevented by supplementing the diet with 
either vit. E or B,. This indicates that these 
2 vitamins are closely related in some meta- 
bolic mechanisms. Extensive biochemical 
studies were made on these animals and will 
be reported in detail elsewhere but it is ap- 
propriate to mention here that creatine ex- 
cretion followed a pattern quite similar to that 
of the peripheral neutrophils. Animals re- 
ceiving the basal diet exhibited an increased 
creatinuria beginning about the 50th experi- 

Discussion. 



mental day. This was approximately the 
same time the increased neutrophil levels be- 
came apparent. Creatinuria serves as a good 
indication of the beginning of nutritional iiius- 
cular dystrophy in rabbits( 10). Thus, rats 
deficient in both vit. E and B,; behaved like 
rabbits deficient in vit. E, and granulocytosis 
nnay he a result of the metabolic alterations 
which instigate 1111 tri t ional inuscular dys- 
t r o 11 h y . 

Summciry. Spragiie-Lhw1t.y rats deficient 
in both vit. E and H,; exhibited it greatly 
increased peripheral neutrophil count . Sup- 

plmen t a t ion oi the diet with either of these 
vitamins prevented this increase. The B6- 
cleficient rats exhibited a slight lymphapenia 
which was not affected by vit. E. None of the 
animals developed anemia. 

1. Dinning, J. S., Seager, L. D., and Day, P. L., 
F e d .  Proc., 1951, v10, 380. 

2 .  Dinning, J.  S., I’ROC. Soc. Em. BIOJ.. AND MED, 
1052,  v70, 231. 

3 .  E’outs, P. J.,  Helmer, 0. M., and Lepkovsky, S., 
. I t i r .  J .  M P ~ .  Sci., 29.10, v199, 163. 
1. Wintrohe. M. M., Follis, R. H., Jr., Milk,  

M. H.. Stein, H.  J., Alcayaga, R., Humphreys, S., 
Sukata, A.,  and Cartwright, G .  E., Bull. J .  Hopkins 
Hosp.,  194.3, vi2, 1 .  

5.  Weir, D. R., Heinle, R. W., and Welch, A. D., 
PROC. soc. EXP. BIOL. AND MED., 1949, vi’2, 457. 
6. Vilter, R. W., Mueller, J. F., Glazer, H. S., 

Jarrold, T., Abraham, J., Thompson, C., Hawkins, 
I-. R. ,  J .  Lab. Clin. Med., 1953, v42, 335. 

7.  Barber, M. .4., Basinski, D. H., and Mattill, 
H. .4., J .  Biol. Chem., 1949, v181, 17. 

8 .  Ilinning, J. S., Fed. Proc., 1953, v12, 412. 
9. Shukers, C. F., and Day, P. L., J .  Nutritiotz, 

10. Mackenzie, C. G., and McCollum, E. V., ibid., 
1943. v25, 511, 

19.10, v19, 345. 

Kecrivetl January 12, 195.1. P.S.E.B.M., 1954, ~ 8 5 .  

Identification and Quantitative Determination of Serotonin (5-hydroxy- 
tryptamine) in Blood Platelets.*+ (20855) 

The vasoconstrictor substance in ldood 
serum was identified by Ka1q)ort ai i t l  his co- 
workers as j-hydros_vtr_vl)taiiiine (serotonin) 
( 1 ). Serotonin is not present in plasiiia(2 ) . 
but appears in serum when clotting occurs iii 

the presence of platelets( 3.4) .  The fact that 
not only coagulation but also :igitation. aging: 
freezing or esposure to ultrasonic frequencies 

cause the appearance of vasoconstrictor ac- 
tivity in platelet-rich plasma indicates that 
the clotting process per se is of no importance 
i n  the evolution of serotonin and suggests that 
the. material is simply released from the plate- 
lets by these procedures. The occurrence of 
smooth muscle-stimulating material in crude 
platelet extracts supports this suggestion. In 


