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TABLE I. 
Effect of Withdrawal Following Chronic Morphine Poisoning 011 the Respiratory Quotient and 

Xetabolic Kate of the Rat .  

Initial Finn1 
7 7- ___1 No. of 

ani1rlals H X R  Rj.Q. RMR, R.Q. 
Normal 12  51.5 .829 41.95 3 1 2  

Chronja Morphine 11 53.3 3 3 0  48.86" .764* 
( t  = 55.6) ( t  = 53.9) (t = 29.4) (t = 36.2) 

( t  = 29.2) ( t  = 48.08) ( t  = 44.1) (t = 94.8) 
xx_______ ____~~______ I_  -. 

*Values obtaincd 48 hours after withdrawal of the drug which had been administered in 
increasing doses (from 20 mg/kg/dap to 200 mg/ kg/daq-) over a. period of 8 weeks. 

was using larger doses and younger rats than 
were employed in these experiments, that the 
inhibition of growth was not noted sooner. 

I t  is difficult to interpret the changes in 
basal metabolic rate of the two groups of 
animals in the experiments reported here. If 
the final values were the only ones available 
to compare, it could be concluded that dur- 
ing the withdrawal period there was an in- 
crease in metabolism. However, in view of 
the fact that the metabolic rate of both groups 
decreased and since the decrease in each is 
roughly proportional to the gain in weight, 
it is possible the final difference is merely due 
to a difference in weight between the two 
groups. Nevertheless, the lower respiratory 
quotient and decreased utilization of food for 
body growth might indicate an increase in 

metabolic rate which is not apparent from the 
values obtained for basal metabolic rates. 
Further experiments are planned to clarify 
the questions provoked by these results. 

Summary. Chronic Gadministration of mor- 
phine in doses increasing from 28 mg/kg/day 
to 200 mg/kg/day over a period sf 8 weeks 
to young albino rats resulted in a marked sop- 
pression of growth. This uccurred in spite 
of a greater food intake per unit of body 
weight. In  adjdition, the animals receiving 
morphine demonstrated a significant reduction 
in their respiratory quotients a t  the 48 hour 
withdrawal period. The interpretation of the 
changes in m e h b l i c  rate is not apparent on 
the basis of the results obtained. 
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17072. Value of Calcium Hypophosphite and Other  Calcium Compounds as 
Calcium Supplements in Calcium-Low Diets. 

ARTHUR E. MEYER AND JACK GREENBERG. 
From Th'e Besearch Divi,~ion., Fellows Pharrnacmticul Laboratories, New Pork City. 

The value of hypophosphites as therapeutic 
agents has never been objectively demon- 
strated and Marriott's criticism of their usel 
has largely been accepted. However, calcium 
hypophosphite is well worth while being con- 
sidered as a means of convenient calcium ad- 
ministration, where such therapy is desired, 
because it is hligh in this element (23%),  
does not have the objectionable taste of most 

1 Marriot, McKim, J. Am. N e d .  dssn., 1916, 
5'6, 486. 

calcium salts and, in contrast to gluconate, 
is adequately soluble. The hypophosphite ion, 
as a stable acid, balances the alkalinity of 
the calcium, which effect persists even if there 
should occur a transformation into phosphoric 
acid. Therefore, the salt does not shift the 
acid-base equilibrium to the alkaline side as 
is the case with salts of carbanate producing 
acids. The original p u p s e  of 'the present in- 
vestigation was a comparison of calcium hy- 
pophosphite with dicalcium phosphate and 
calcium gluconate as a supplement in a cal- 
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cium-poor diet. According to Marriot’s re- 
port the hypophusphite anion is largely ex- 
creted unchanged; for that reason, the hypo- 
phosphite P was regarded as non-available in 
our first tests. When the early observations 
suggested that (this might not be the case, a 
study of the influence of readily available P 
and hypophosphite P at  varying Ca/P ratios 
was included. 

Experimental. Groups of 7 to 8 Sprague- 
Dawley rats were placed on a diet prepared 
according to Sobel, Rockenmacher and Kra- 
rner,2 which consists of 70 parts yellow corn 
meal, 16 wheat gluten, 10 brewer’s yeast, and 
1 NaCl with the addition of cod \liver oil to 
supply 0.1 unit vitamin D per gram. Analy- 
sis showed a content of 0.03% Ca and 0.3370 
P, which is in accord with the figures given 
by these authors. All animals were kept 
for 14 days on this diet as a depletion period, 
and the control group for an additional 25 
days. Adkditions of calcium hypophosphite, 
gluconate and secondary phosphate were used 
in the first comparative tests (A to E in 
table). Nucleic ‘acid was used in some groups 
to equalize #the content in available phosphorus 
without adding a phosphate. The additions in 
groups F ‘to 0 served to vary the Ca/P ratios 
as widely as the P content in the basic diet 
would permit, with proper distinction of P, 
known to be utilized, and hypophosphite P. 

The rats at  the beginning of the depletion 
period were of an age specified for vitamin 
D assay in the U.S.P. It turned out that 
the range of permissible variations in weight 
and age, as set for that test, was too wide 
than was best suited for these experiments. 
The rats of the last group were apparently a 
few days older (Nos. As to 0), and conse- 
quently had larger calcium reserves. For that 
reason, each group can be compared only 
with its own control group. The animals were 
weighed at the beginning and end of the 
25 days’ test period, then killed and the 
femora dissected. The bones, dried at 8Q0, 
were freed of all adhering tissue, weighed, 
incinerated and the ash determined. 

Results. It is evident that the assimilation 
2Xobe1, A. E., Rockenmacher, M., and KramG, 

B., J .  B id .  Chm.,  1945, 158, 475. 

of calcium is about the same whether supplied 
as hypophosphite, gluconate, phosphate or 
carbonate. While 130 mg Ga per 100 g diet 
is inadequate for maximal calcification of the 
bones, 530 mg gave results equal to 730 and 
1030 mg as shown in Groups I to 0. The final 
body weisht at  the end of the test period was 
within the same range in all groups disre- 
garding the (calcium intake, with exception 
of group Al. While tit is possible that the 
smaller animals were more sensitive to Ca 
defikiency, it must be pointed out that group 
B, with equally low Ca feeding, showed only 
a slight depression in weight. The weight and 
ash content of the flemora reflect more definite- 
ly any calcium deficiency than the body 
weight . 

The experiments on Ca/P ratio were limited 
by the 330 mg P content in the basic diet, 
which was found to be high enough to prevent 
any acute P deficiency. As a consequence 
the results appear to be exclusively a function 
of the Ca supply. A ratio of Ca/P of 1:2.54 
(Group F) was positively not detrimental to 
bone formation, and neither was one of 1:4.9, 
(Group H) assuming that hypophosphite P 
is utilized. This, however, we were unable 
to prove because of the impossibility to pro- 
duce a P deficiency with this diet and of the 
latitudle in tolerated Ca/F ratios. 

Shoh13 has claimed that a low Ca/high P 
ratio lowers the ash content in the bones of 
the rats. He used, indeed, a ratio of 1:16? 
but only by sacrificing the absolute Ca content 
in the diet. When 0.12% Ca was given with 
27% Y the ash was 36%, but with 0.12% 
Ca and 0.5% P the ash was the same. This 
is in keeping with our conclusion that the 
quantity of Ca and not the Ca/P ratio is the 
limiting factor. Since, according to Shohl’s 
statement, excessive quantities of phosphorus 
are toxic, it is difficult to prove a detrimental 
effect of a low Ca/P ratio at an adequate 
Ca intake. 

Some of the ulnae and radii of the Al to 
E groups were examined by the Ag line test as 
used in vitamin D assay, but no differences 
were detected. 

I t  seem that bone formation is not the most 
3 Xhohl, Alfred, J .  Nutr., 1936, 11, 275. 
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sensitive indicator of a deficiency or unbalance 
of Ca and P. Most of the control rats de- 
veloped a considerable degree of baldness. 
This was still more accentuated in Gmup B, 
which points to a further damage caused by 
the change in the Ca/P ratio from 1:11 to 
1: 13.6. I t  dso appeared markedly in Group 
K, receiving calcium gluconate without ad- 
ditional P, but was absent in E, where the 
glueonate was balanced with P. None of the 
other groups showed 10s of hair. By c m -  
paring the Ca/P ratio in Group K (1:0.32) 
with those of the other groups showing bald- 
ness (Ga,/P, 1:11;1:13,6) it may be con- 
cluded that the dispmpolrtion in iCa/P ratio 
to either extreme has a similar effect. The 
non-appearance of baldness in Group I may 
poinit to some assimilation of hypophosphite 
P, since otherwise this group would have the 

same Ca,/P ratio as K. More data will be 
required to make a positive statement a n  this 
point. 

Summary. Calcium hypophosphite is well 
suited to serve as a supplemlent for dietary 
calcium. To what extent the hypophosphite 
pbosphorus is utilized by the organism re- 
mains unlcertain. The mtio Ca/P in the diet 
may be varied within a wide range without 
affecting the calcification of the bones, pro- 
vided the absolute quantities of each constitu- 
ent are adequate. Extreme disproportion of 
Ca and P in !either direction seems to cause 
loss of hair, as was observed in rats receiv- 
ing either very low or very high relative 
levels of calcium. 
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17073. Extra-Renal Removal of Hemoglobin from Circulation in the Rat. 
1. Effect of Parenteral Bovine Albumin. 

RICHARD W. LIPPMAN.* 
From the Institute for Medical Research, Cedars of Lebanon Hospital, Los Angeles, Cal i f .  

Hemoglobin in the circulation, whether re- 
sulting from hemolysis of erythrocytes in zlizlo, 

.or introduced by prmtera l  injection, k re- 
moved at  least in part by excretion through 
the kidney. Hemoglobin filtered through the 
glomerulus may appear in the urine, although 
part is reabsorbed by the proximal tubule 
cells.14 That hemoglobin is removed by ex- 
tra-renal routes, as well, m y  be inferred from 
L-- 

* The author gratefully acknowledges the assist- 
ance of Helen J. Useen. This work was supported 
by a grant from the Division of Research Grants 
and Fellowships, National Institutes of Health, 
U. 8. Public Health Service. Bovine albumin 
(Fraction V) was supplied through the courtesy 
of Dr. J. D. Porsche, Armour Laboratories, Chi- 

<cage, Ill. Hemoglobin was furnished through the 
courtesy of Dr. R. B. Pennell, Sharp and Dohme, 
Inc., Glenolden, Pa. 

1 Yuile, C. L., PhysioZ. Beu., 1942, 22, 19. 
2 Gerard, P., J. Anat. and Physhl., 1936, 70, 

3Rather, L. J., J. Exp.  Ned., 1948, 87, 163. 
354. 

the accumulation of hemosiderin in reticulo- 
endothelial cells, when erythrocytes are de- 
stroyed at an abnormally rapid rate. 

Parenteral injections of albumin might be 
anticipated to alter the rate at which hemo- 
globin is removed from the circulation by ex- 
tra-renal routes. Since injected albumin is 
itself removed rapidly from the circulation, a 
nonspecific increase in protein removal might 
occur. On the other hand, the mechanism for 
protein homeostasis might be so. saturated that 
the rate of hemoglobin removal might dimin- 
ish. Overloading the reabsorption mechan- 
ism with bovine albumin is known4 to affect 
the renal tubule cells so as to diminish reab- 
sorption of hemoglobin from tubular urine. 

Our interest in the extra-renal removal of 
hemoglobin from the circulation arose during 
an investigation into the mechanism of pro- 
teinuria. Using hemoglobin as an indicator, 
______ 

4Lippman) R. W., Am. J .  Phydl . ,  1948, 154, 
532. 


