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Our initial studies ( 1 ) , measuring active 
transport of calcium across the intestinal wall 
of the rat by an in vitro intestinal sac technic, 
indicated that excessive Vit. D increased ac- 
tive transport in all segments studied, but 
cortisone decreased this transport in the duo- 
denal segment only. This technic would be 
most helpful in investigation of factors af- 
fecting calcium absorption if the results ob- 
tained by this in vitro technic correlated with 
those obtained by studying calcium absorp- 
tion in the intact animal. It was considered 
important therefore to extend our initial in 
vitro experiments, to study in vivo calcium 
absorption under the same experimental con- 
ditions, and to compare the results of the two 
procedures, in an attempt to determine: 1) 
whether excessive amounts of Vit. D will in- 
crease intestinal calcium absorption in vivo 
above that induced by physiologic amounts, 
2) whether cortisone will inhibit calcium ab- 
sorption in vivo in presence of either physi- 
ologic or excessive amounts of Vit. D, 3) 
whether changes in intestinal active transport 
of calcium determined in vitro can be used as 
an accurate index of calcium absorption in 
vivo. 

Materials and methods. Male Sprague- 
Dawley rats weighing 100-130 g were treated 
with daily doses of 20,000 units of Vit. D* 
by stomach tube, or 2.5 mg of cortisone ace- 

* Kindly furnished by Brewer and Co., Inc., 
Worcester, Mass. 

tatef subcutaneously, or a combination of 
both drugs. A control group received cotton- 
seed oil and saline, which were the vehicles for 
the Vit. D and cortisone respectively. Dur- 
ing treatment, the rats were maintained on 
distilled water and a nutritionally complete 
diet containing a physiologic amount (148 
USP units/100 g diet) of Vit. D. 

Calcium metabolic balance studies were 
carried out from the 2nd through the 5th day 
of the treatment period. On the 6th day 
blood was obtained by orbital sinus puncture, 
the rats were killed by decapitation and a 3- 
cm segment of duodenum, jejunum, and ileum 
was quickly removed and prepared for in 
vitro active transport studies as previously 
described ( 1). In some of the animals, serial 
segments of small intestine (beginning at the 
pylorus) were studied for active transport. 
Calcium was extracted from the feces with 
trichloroacetic acid as described by Harrison 
and Harrison(2). The calcium content of 
serum, stool extract, and urine was deter- 
mined by a modification of the method of 
Kingsley and Schaff er t (3 ) . 

Using the above methods? a comparison of 
the effects of equal doses of cortisone and cor- 
ticosterone on net calcium absorption, serum 
calcium level and duodenal active calcium 
transport was carried out, each treatment 
group consisting of 9 animals. 

Results. In vivo net calcium absorption 
t Kindly furnished by Sharp and Dohme, Di- 

vision of Merck and Co., Inc., Philadelphia, Pa. 
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was 30.4% and calcium retention was 26.0% 
of calcium intake for the control rats (Fig. 1 ). 
Absorption and retention were 32.1o/r and 
24.2% respectively for the Vit. D-treated rats, 
neither being significantly different from 
those of the control rats. Absorption and 
retention were 42.1% and 33.7% respectively 

Effect of Vi tamin  D and/or Cortisone 
on Serum Calcium Levels 

Animals treated with! 1 
(36) (3 3) 

(29) 

0 Oil and saline (contt a Vit. D and saline 
II Vit  D and cortisone 
fl 011 and Cortisone 

01) 

mlorus 
lnrrirrnri 1 2 3 .I 5 6 7 a 9 10 II 11 LO 

reqment no 

@ 
FIG. 1. Effect of Vit. D and/or cortisone on net 

v;ilciuni absorption and retention. Each bar repre- 
wilts ii~e;in wtlue, with stand. error, for number of 
;I iiini;ils studied (in parentheses). 

FIG. 2. Effect of Vit. D and/or cortisone on 
s(wnn calciuiii levels. Each bar represents mean 
v;ilue, with stand. error for number of animals 
studied (in parentheses). 
PIG. 3. Effect of Vit. D and/or cortisone on 

: I C  tive transport of calcium. Dotted line indicates 
I/O ratio existing in all sacs before incubation. 
Each bar represents mean post-incubation value, 
with st:inil. error, for number of animals studied 
( i n  parcntlieses). 

FIG. 4. Active transport of calcium from serial 
i iitcstiiinl segments. 

FLG. 5. Comparison of cffects of cortisone and 
wrticostcmic on intestinal active transport, serum 
ealciuin 1 ~ ~ 1 ,  and net calcium absorption. 

for the rats receiving Vit. D plus cortisone. 
Therefore, these rats absorbed significantly 
more calcium (P<O.Ol) than the control rats 
and those receiving Vit. D alone, and also re- 
tained more (P<O.O5) than the latter group. 
Absorption and retention of the rats receiving 
cortisone alone were 35.1% and 32.8% re- 
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spectively, indicating greater retention (P< 
0.05), but not greater absorption, than the 
control rats. 

The mean serum calcium level (Fig. 2 )  of 
the control rats was 9.6 mg/100 ml and of the 
Vit. D-treated group was 12.0 mg/100 ml, in- 
dicating a statistically significant increase 
(P<O.OOl). Concomitant administration of 
cortisone did not alter this hypercalcemia, nor 
did cortisone alone alter the serum calcium 
level from that of the control level. 

As shown in Fig. 3 (which includes the ini- 
tially reported studies ( 1 ) plus the current 
studies) active calcium transport determined 
in vitro was much greater in the duodenal 
segment than in the other 2 intestinal seg- 
ments under all conditions studied. In  the 
duodenal segment, the mean 1/0 ratio was 
4.8 for the control rats and 7.1 for the exces- 
sive Vit. D-treated rats, indicating a statis- 
tically significant increase (P<O.Wl) in cal- 
cium transport. Cortisone significantly de- 
creased calcium transport of Vit. D-treated 
rats to 5.3 and of non-vitamin D-treated rats 
to 3.4 (P<O.OOl in both instances). Active 
transport in the distal control segments was 
much less, even in the adjacent segment, than 
in the first (duodenal) segment, and was in- 
significant in the 3rd and succeeding seg- 
ments (Fig. 4). Active transport in the other 
treatment groups followed the same pattern 
of rapid decrease distal to the first intestinal 
segment. In the jejunal and ileal segments 
(Fig. 3) ,  there was no calcium transport in 
the control rats, but significant transport 
(P<O.OOl) in the Vit. D-treated rats. Cor- 
tisone did not depress the Vit. D-induced 
transport of these two segments. 

Duodenal active transport of calcium was 
greater in the rats receiving corticosterone 
alone than in those receiving cortisone alone 
(P<O.Ol); but there was no difference in ac- 
tive transport between the rats receiving Vit. 
D plus corticosterone and those receiving Vit. 
D plus cortisone. There was also no differ- 
ence between corticosterone and cortisone in 
their effect on serum calcium levels and net 
calcium absorption (Fig. 5 ) .  

Discussion. The in vivo stable calcium ab- 
sorption observations indicate that neither net 
absorption nor retention of calcium was sig- 

nificantly increased by excessive Vit. D, in 
spite of the development of hypercalcemia 
and increased urinary calcium. Therefore the 
source of the added serum calcium must have 
been extra-intestinal, presumably bone. On 
the other hand, cortisone plus Vit. D treat- 
ment resulted in an increase in calcium ab- 
sorption. 

There are apparent discrepancies between 
the in vivo absorption observations in the rat 
reported here and those in man reported by 
others (4,5,6), suggesting that species differ- 
ences in calcium absorption may exist. How- 
ever, many of the more recent studies of Vit. 
D and cortisone effects on calcium absorption 
in man have involved patients with hyper- 
calcemia due to sarcoidosis. Though there is 
evidence that some of these patients have in- 
creased intestinal absorption of calcium and 
have apparent increased sensitivity to Vit. D 
(5,6), it has not been conclusively shown that 
these manifestations are the same as those in 
a person who has received excessive amounts 
of Vit. D. Also Jackson and Dancaster(7) 
have recently reported that a )  large doses of 
Vit. D do not increase calcium absorption (in 
spite of increased serum and urinary calcium) 
in man, except those who are rachitic, and b) 
cortisone does not prevent or reverse the ef- 
fects of excessive Vit. D while the latter is 
still being administered. Thomas and Mor- 
gan (8) have also reported the ineffectiveness 
of cortisone to modify Vit. D-induced hyper- 
calcemia in the rat and in 1 out of 2 patients 
studied during the continued administration 
of Vit. D. By comparison with these reports 
(7,8) the net calcium absorption and serum 
calcium observations in the rat reported here 
are not discrepant with those in man. 

As was initially reported( 1 )  and confirmed 
in this study, in the presence of physiologic 
amounts of Vit. D, active calcium transport 
was demonstrable only in the proximal intes- 
tine, with marked reduction immediately dis- 
tal to the duodenum. Excessive Vit. D in- 
creased active transport of calcium in the 
proximal segments, and initiated active trans- 
port in the more distal segments. Cortisone 
reduced calcium transport in the proximal 
segments, in the presence of either physiologic 
or excessive Vit. D. However, cortisone did 
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not decrease the Vit. D-induced calcium trans- 
port in the more distal segments. 

Because corticosterone, rather than corti- 
sone, is the physiologic adrenocortical hor- 
mone in the rat, the possibility of differences 
in response to these hormones was consid- 
ered, and evaluated. However, corticosterone 
gave the same responses as those observed 
with cortisone in all aspects of this study in 
the presence of excessive \-it. D, and in all 
aspects except duodenal active transport, in 
the presence of physiologic amounts of \’it. D. 

The present study therefore reveals appar- 
ent disparities between the in vizw net cal- 
cium absorption data and the in z~itro active 
calcium transport data in the rat. This in 
vitro system has the advantages of eliminat- 
ing bone and kidney effects on calcium meta- 
bolism and of allowing precise adjustment of 
the experimental conditions, and has been 
helpful in studying physiologic aspects of cal- 
cium movement across intestinal membranes 
(9-12). However, this intestinal sac technic 
has the disadvantage of being unphysiologi- 
cal, because a )  the contribution of endogenous 
calcium to the intestinal contents via diges- 
tive juices is absent, b) removal of absorbed 
calcium from the intestinal wall via vascular 
channels does not exist, and c) calcium trans- 
fer through the entire thickness of the intes- 
tinal wall, rather than through the mucosa 
only, is measured. The in vitro method as 
used here, measures only active transport, 
rather than all processes which may be in- 
volved in calcium absorption. This active 
transport is limited to a small area of proxi- 
mal intestine, where transit of intestinal con- 
tents is rapid and time available for absorp- 
tion is short in the intact animal. Some of 
these factors are undoubtedly involved in the 
discrepancies between our in vivo and in vi- 
tro observations. Specific reasons for these 
discrepancies are not clear. No explanation 
is apparent for the increased calcium absorp- 

tion and retention observed in animals under 
\.it. D plus cortisone treatment. 

Suw.wzar?. Calcium absorption studied in 
vizlo was not increased by excessive Vit. D, 
nor decreased (actually increased) by con- 
comitant cortisone or corticosterone adminis- 
tration. Active calcium transport studied in 
vitro was confined to the proximal small in- 
testine, which was increased by excessive Vit. 
D and decreased by concomitant cortisone or 
corticosterone. Therefore, with the drugs, 
dosages, and time relationships used in this 
study, the in vitro intestinal sac technic is not 
considered a valid index of net calcium ab- 
sorption in the intact animal. 

The authors are indebted to Mrs. Joaquina 
Greene, Mrs. Dorothy Houser and Mr. Calvin 
Fenrick for technical assistance. 
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