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oxygen pressure; at 53 mm a slight depression of secretion appears. 
This apparent diminution, however, is not statistically significant. 

The intestinal glands are seen to be rather highly resistant to 
c?noxia, probably indicating that they have a low energy requirement 
for secretion. The questionable depression of secretion at 53 mm Hg 
oxygen pressure is slight at best; the glands are still secreting quite 
well. Not all anesthetized dogs will survive this degree of anoxia 
for 20 minutes. 

Summary. Intestinal secretion in dogs was found to be resistant 
to anoxia. At a partial pressure of oxygen of 80 mm Hg (approxi- 
mate altitude of 18,000 ft.) there was no effect, and at 53 mm Hg 
(28,000 ft.) only a mild depression of secretion, which was not 
statistically significant. This indicates a low energy requirement 
for intestinal secret ion. 
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Effects of Vitamin C Deficiency and Diphtheria Toxin on 
Cellular Blood Constituents of Guinea Pig.+ 

ALEX SIGAL.~ (Introduced by C. G. King.) 
From the Department of Chemistry, University of Pittsburgh, Pa. 

The literature contains many reports concerning the anemia asso- 
ciated with scurvy in both humans and experimental There 
is general agreement that a continued lack of vitamin C in the diet 
causes a progressive decrease in erythrocytes and hemoglobin, and 
that the anemia becomes severe only during the later stages of a 
deficiency. The cause of the anemia is not well understood, however. 
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Considerable evidence5 indicates that it is due to cytological changes 
in the bone marrow, resulting in a retarded production of erythro- 
cytes, rather than to a specific deficiency of hemoglobin or an ex- 
cessive destruction of erythrocytes. 

There is apparent disagreement concerning the effects of scurvy on 
the leucocyte count of the blood. Using guinea pigs, von Euler and 
Malmberg,' and Shimada' have reported a decrease in leucocytes 
accompanying the depletion of vitamin C, but Liottas and Aszodi'' 
have reported an increase under similar conditions. 

While studying the effects of vitamin C depletion" and diphtheria 
toxin injectionP on the glucose tolerance of guinea pigs, we were 
afforded an opportunity of studying the parallel changes in cellular 
blood constituents, with the kind assistance of Miss Sarita Bailey, of 
the Children's Hospital. 

Essentially, we observed that a decrease in hemoglobin and 
erythrocytes, and a slight increase in leucocytes accompanied the 
development of scurvy. In the experiments with toxin we observed 
that the level of vitamin C intake influenced the effects of the toxin, 
as measured by changes in the cellular blood picture. 

The results supplement our finding" that the effects of diphtheria 
toxin on the glucose tolerance of guinea pigs are more severe when 
the vitamin intake has been low. Numerous reports have shown 
that the vitamin plays a r6le in decreasing the severity of infection.'"l7 
The increased protection afforded by a high vitamin intake is due 
apparently to the general physiological benefits of a better state of 
nutrition of the animals, rather than to a direct chemical inactivation 
of the toxin by the vitamin." We have observed acidic inactivation 
of the toxin in vitro, but neutral, buffered solutions of the vitamin 
failed to exert a significant effect upon dilute solutions of the toxin. 

Experimental. Guinea pigs weighing approximately 300 g were 
fed the basal diet of Sherman and c ~ l l a b o r a t o r ~ ~ ~  supplemented with 
cod liver oil, yeast (2% ) and a solution of crystalline vitamin C until 
they had reached 450 to 600 g in weight. The animals were all of 
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approximately the same age. It had been found advisable to use 
fairly large animals for the sugar tolerance tests, to facilitate blood 
sampling. 

Toxin. The diphtheria toxin was carefully standardized on an 
M.L.D. basis (238 M.L.D. per cc) with pigs weighing 250 g. 
Toxin dilutions in sterile physiological saline were standardized so 
that 1 cc of solution contained 1 M.L.D. of toxin. Injections were 
made subcutaneously. 

Blood samples. The erythrocyte, leucocyte and differential counts 
were made in the usual manner upon blood samples obtained from a 
marginal ear vein. 

Vi tamin  C depletion. Table I shows the effect of vitamin C de- 
pletion alone on the cellular blood constituents of guinea pigs that 
had been receiving 3.0 mg of vitamin daily for 20 days. The control 
determinations were made a few days before starting the depletion. 
During the 10-day depletion period there was a slight decrease in 
erythrocytes and hemoglobin and a slight increase in leucocytes. 
Between the 10th and 21st days of depletion the anemia became 
severe, with a parallel decrease in both hemoglobin and red blood 
cells and a further slight increase in leucocytes. Nucleated red cells 
and abnormal cell forms appeared during the onset of severe scurvy. 
All the animals began to lose weight and show signs of scurvy be- 
tween the 10th and 15th days of depletion. 

Animals receiving 0.5 and 0 mg of vitamin C per day were given 
5 injections of 0.2 M.L.D. of toxin each. Injections were made on 
the 10th experimental day and at 2-day intervals thereafter. The 
determinations were made on the 20th or 21st experimental day. The 
data for these animals compared with control animals receiving the 
same amount of vitamin but no toxin are also given in Table I. The 
group receiving toxin and 3.0 mg of vitamin daily showed a moderate 
reduction in hemoglobin and erythrocytes and a moderate increase 
in leucocytes. The groups receiving toxin and 0.5 or 0 mg of vitamin 
C showed a greater drop in hemoglobin and red blood cells and a 
larger increase in leucocytes than shown by the 3.0 mg group. The 
differential counts of the toxin-treated, low-vitamin groups showed 
an increase in polymorphonuclear leucocytes, a decrease in lympho- 
cytes, and the presence of many nucleated red cells and abnormal 
cell forms. 

It is evident that the animals receiving a higher intake (3.0 mg) of 
vitamin C were able to withstand the effects of the toxin to a greater 
degree. The distinctly sub-optimum intake of vitamin (0.5 mg) 
was sufficient, however, to permit nearly normal growth and free- 
dom from external signs of scurvy. 
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The results of the present investigation supplement, and in a way, 
confirm, the earlier findings in our laboratory concerning the lowered 
resistance against diphtheria toxin that characterizes a low intake of 
vitamin C. Tooth structure2' and glucose tolerance12 have been con- 
sidered in the earlier papers. 

Conclusions. Acconipanying the anemia of scurvy in guinea pigs 
there was a progressive decrease in both hemoglobin and erythrocytes 
2nd a slight increase in leucocytes. 

Guinea pigs receiving 3.0 mg of vitamin C per day and given sub- 
cutaneous injections of diphtheria toxin showed less disturbance in 
their blood cell count than similarly injected animals receiving 0.5 
mg or less of the vitamin per day. The changes in the low-vitamin, 
toxin-injected groups were characterized by chromatophilia, aniso- 
cytosis and poikilocytosis. 

10835 
Antihormone Effects in Pancreatic Diabetes. 

F. C. DOHAN AND F. D. W. LUKENS. 
From the George S .  Cox Medical Research Institute, University of Pennsylvania, 

Philadelphia. 

Collip and Anderson1 observed that during the prolonged injec- 
tion of anterior pituitary extract (thyrotropic) its effect upon the 
metabolic rate was not sustained. They also noted's that the serum 
of refractory animals inhibited the response of normal animals to 
thyrotropic hormone. Similar inhibitory effects have been ob- 
served in the case of the gonadotropic hormone. The relation of 
such antagonistic principles to species has been further studied? ' 9  

Relatively few reports are available on the development of prin- 
ciples which antagonize the diabetogenic action of the anterior pitui- 
tary, although refractoriness has long been recognized. Collip' re- 

=Swanson, W. F., Sigal, A., and King, C. G., J .  Am. Dental Asm., 1936, 23, 
2089. 
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