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3”) or of a standard of vit. D:,(23). It is 
likely that this fraction, which was much 
smaller than the one containing vit. D3, was 
made up of esters of the vitamin: i t  ran near 
the solvent front on thin-layer chromatogra- 
phy in a solvent system similar to that used 
in the present study (as in Fig. 1 )  and was 
diminished by saponification, a process which 
hydrolyses ester linkages. 

Summary. Intestinal absorption and esteri- 
fication of 4-C14 vitamin D3 and 4 - C 4  cho- 
lesterol were studied in rats with lymph fistu- 
las. After oral administration, extracts of 
lymph, fractionated by thin-layer chroma- 
tography, were found to contain the sterols, 
their esters and unidentified more polar com- 
pounds. In contrast to cholesterol, very little 
vit. D was esterified. The esters of both 
sterols, separated by thin-layer chromatogra- 
phy on the basis of the degree of unsaturation 
of the fatty acid moiety, were found to consist 
principally of saturated and monounsaturated 
fatty acids. 

The technical assistance of Rosemarie Komen is 
gratefully acknowledged. 
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The absorptive capacity of different regions seems to be a t  a maximum, while the ileal 
of the small intestine for the alkaline earth rate is much lower. The total absorptive 
metals has been .~hown to vary considerably capacity of each region depends on the period 
(1-5) -  In the duodenum the absorption rate over which the element is in contact with the 

*Supported by a grant from Radiological Health mucosa; thus the more slowly absorbing ileal 
Division, USPHS (Contract PHS 86-65-59). region absorbs more than the duodenum ( 2 ) .  
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The profound differences in rate of absorption 
of Ca45 and SrS9 suggest that some local factor 
is responsible for this variation. McHardy 
and Parsons(6) have shown that the rate of 
absorption of the phosphate ion, introduced 
as the sodium salt, increases with increasing 
pH from 4.4-7.9. The effect of small vari- 
ations in H+ ion concentration on calcium 
and strontium absorption has not been 
reported. 

The pH of the secretions of different regions 
of the small intestine varies, and as H+ con- 
centration influences the solubility of calcium 
and strontium salts, variation in the rate of 
absorption of calcium and strontium in the 
different segments of the intestine would be 
expected. 

In particular, the solubility of calcium and 
strontium salts formed with the physiologi- 
cally important anions, phosphate and bi- 
carbonate, changes rapidly as the pH increases 
within the normal range (6.0-7.3) found in 
the rats’ intestine. Concentrations of the 
anions also vary in different parts of the small 
intestine, and from species to species; in 
man, the highest concentration of bicarbonate 
is 19 mEq per litre (middle ileum) whereas 
the corresponding figure for the dog is 91 
mEq/litre( 7).  The ability of calcium to com- 
plex with other anions of biological impor- 
tance such as citrate(8) alters markedly in 
this pH region. In  the course of our studies 
on the inhibition of absorption of radioactive 
strontium(9), the nature of the counter ion 
and its solubility product with Sr or Ca was 
found to be of fundamental importance. It 
was thought therefore that a closer examina- 
tion of the effects of pH and the role of the 
anion in Ca and Sr absorption should be 
carried out. 

By an in vivo technic developed by Skoryna 
ct aE(10) in which the rats’ small intestine 
was divided by ligation into 9 segments, the 
absorption of calcium and strontium may be 
studied in detail. In the experiments to be 
reported here, we have studied the effect of 
introducing excess of certain anions, which 
form soluble salts with Ca or Sr, on the ab- 
sorptive capacity of the intestinal mucosa. 
Solutions, buffered sufficiently to maintain an 
almost constant value at  the desired pH in 
the experimental period, were introduced into 

the lumen otf each segment. After 30 minutes, 
absorption was measured by assessing residual 
radioactivity in the excised segment. The 
radioactivity levels in the blood and in the 
femur of each rat were also determined. 

Methods. Rats of the R.V.H. strain of 
either sex, weighing 100-120 g, kept on a stock 
diet, were fasted for 24 hours before experi- 
ment. Ligated segments were prepared under 
pentobarbital anaesthesia without detaching 
the segment from the remainder of the intes- 
tine or disturbing the vascular or lymphatic 
supply. The duodenum, defined as segment 
I1 was ligated at  the pylorus and a t  the liga- 
ment of Treitz. The jejunum and ileum were 
measured and divided into 8 segments of ap- 
proximately 5 cm in length and numbered 
sequentially 111-X. Only one segment was 
utilized from each animal. 

T o  measure the p H  of the intestinal lumen, 
0.5 ml saline or buffer solutions were intro- 
duced into each ligated segment in separate 
groups of rats. After 30 minutes, the segment 
was excised and the contents of the lumen 
were collected. The pH was measured at  37’ 
within 45 seconds, using a combination glass 
electrode with a Beckman pH meter. It was 
observed that the same pH was recorded irre- 
spective of whether the sample was measured 
aerobically or under liquid paraffin. 

To simplify the comparison of results, the 
concentration of inert CaC12 or SrC12 in the 
radioactive solutions was adjusted to the same 
value throughout the experiments. Radio- 
active solutions containing Ca45, 5 pc, 0.55 
pM CaC12, or S P ,  5 pc, 0.45 pM SrCl2 in 
0.5 ml saline or buffer were introduced into 
ligated segments. Groups of 1 2  rats were used 
to estimate absorption from each anatomical 
region. At the end of the experimental period 
the following samples were taken: 1) the 
excised segment (contents of the lumen were 
pooled with the intestinal wall) ; 2 )  one milli- 
litre of blood; 3 )  one femur; these were re- 
moved from each animal and prepared for 
radioactive assay, using the method described 
previously ( 10). In  one series with radio- 
active strontium ( 2  pc Srs9, 01.45 pM per 0.5 
ml), the loss of radioisotope from the differ- 
ent segments only was measured. 

MateriaEs. SrSg and Ca4j in dilute hydro- 
chloric acid were supplied by Atomic Energy 
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T A B L E  I. pH a t  37" of Solutioris Rest ing for  30 Miii in vivo i n  Liga ted  Intestirial Segments. 

Isotonir saline 
In i t .  pH 5.55 Tris, I = 0.1 Tris, I = 0.2 Phosphate, I I 0.2 

Regineiit Mean pH Iiiit.  pH 7.95 Ini t .  pH 7.15 In i t .  pH 5.85 

I1 
IS1 
1 v 
V 
V I  
V I I  
V I I I  
I X  
X 

~~ 

6.48 (6.2 -6.6 ) 
5.96 (5.85-G.0 ) 
6.06 (5.8 - 6 1  ) 
6.03 (5 .7  -6.5 ) 
G.25 (6.1 -G.9 ) 
6.1 (5.95-6.6 j 
6.56 (6.2 -7.15) 
7.01 (6.(i -7.5 ) 
7.24 (i .05-'1.4 ) 

~ ~~~ ~ 

7.15 (G.85-7.4 ) 
i .03 (6.8 -7.25) 
7.11 (6.95-7.35) 
7.05 (6.8 -7.2 ) 
7.2 (7.0 -7.5 ) 
7.3 (6.9 -7.5 ) 

7.6 (7.5 -7.7 ) 

7.2 (7.2 -7.4 ) 
7.4 (7.2 -7.0 ) 

____ ~~~~ 

6.68 (6.55-6.75 ) 
6.45 (6.3 -G.(i ) 

G.98 (6.9 -7.1 ) 
6.92 (6.8 -7.1 ) 

6.49 (6.35-6.65 ) 

6.89 (6.9 -7.02) 
G.99 (6.72-7.2 ) 
7.32 (i.3 -7.5 ) 
7.12 (6.98-7.5 j 

____ 

6.19 (5.9 4.68) 

fi.01 (5.9 -6.1 ) 
G.04 (5.9 -6.1 ) 

5.95 (5.9 - G . 1  ) 

5.95 (5.9 -G.01) 
5.95 (5.89-6.1 ) 

6.15 (6.05-6.35) 
6.14 (6.0 -6.5 ) 

(i.1 ((i.0 -6.35) 

Meails calciilxteil on 1)H v:ilucs o1,t:tinctl froiii groups consistiitg of 5 to  1 5  rats. Range of 
values given i n  parent~iries. 

of Canada Ltd. The pH of the buffers were 
chosen to lie at the extreme limits of the 
normal physiological range: a third lay a t  
an  intermediate value. The compositions of 
the buffer solutions were as follows: 1) sodium 
phosphate, ionic strength 0.2, pH 5.85 at 37"; 
2 )  Tris (hydroxymethyl) aminomethane 
(HCI) Tris, ionic strength 0.1, pH 7.95 at 
37" ; 3)  Tris (hydroxymethyl) aminomethane 
(HCI), ionic strength 0.2, pH 7.15 a t  37"; 
4) unbuffered saline (0.9%) pH 5.7 a t  37". 

Results. The average pH of the saline 
washings from the ligated duodenal segments 
was 6.5, ranging between 6.2 and 6.6 (Table 
I) .  This final pH represents the contribution 
from the duodenal mucosa and glands and 
also bile and pancreatic secretions, as the 
common duct was not ligated. The  proximal 
jejunal segment provided the lowest pH in 
the small bowel, followed by a very slight 
increase on proceeding towards the more distal 
segments. The stepwise progression of in- 
creasing pH continued throughout the ileal 
segments, reaching a maximum of 7.4 in the 
distal ileum. 

On introducing the slightly alkaline or al- 
most neutral Tris buffers (pH 7.95 and 7.15 
respectively) , acid production by the jejunal 
mucosa was sufficiently great to reduce the p H  
of the buffer solutions by approximately 0.9 
unit. Acid production by the rats' jejunal 
mucosa was also observed by Wilson and 
Kazyak ( 1 1 ) on introducing bicarbonate- 
saline into intestinal loops, 

Each of the buffer solutions had sufficient 
capacity to bring the pH of all segments to 
within a fairly narrow range; the standard 
deviation within each segment group was very 

small. Tris, introduced a t  pH 7.95, increased 
the pH of the contents of all segments to the 
region of pH 7.3 (6.8-7.7). The  Tris solution 
a t  pH 7.15 increased the pH of the jejunal 
segments to the range 6.3-6.65 (almost the 
same as that normally occurring in the duo- 
denum). The  ileal segments maintained a 
pH of 6.8-7.5 with the majority of readings at 
pH between 6.9 and 7.1. 

In  order to choose a phosphate solution a t  
a pH which would not precipitate the calcium 
or strontium in the experimental solutions, a 
preliminary in vitro test was made. Solutions 
of inert calcium and strontium chloride of con- 
centrations identical with those used in vivo 
were mixed with phosphate solutions of the 
same molarity but adjusted to different pHs. 
The  solubility of calcium and strontium phos- 
phate is illustrated in Table IT. 

A phosphate buffer, pH 5.85 (37") was 
chosen because this pH lies just within the 
physiological range of the small intestine 
(segment 111-V), and because no Ca or Sr 
salt is precipitated. The phosphate buffer, 
when introduced into the intestinal lumen, 
lowered the pH of all segments to about 6.0 
(range 5.9-6.4) and thus below the p H  a t  
which precipitation occurs. 

Although the solutions were hypertonic, 
none caused distension of the segments, nor 
were any lesions detectable on histological 

6.4 6.6 fj.8 7.0 7 . 2  7.4 7.6 7.8 

( ' ; I  - + + + + + + +  + + + +  s1. - - - - 

Visible precipi ta te :  + 
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ThBT,E 111. C:iG Absorption. Pcrceiit,:rge :il)sorl)ed f rom ligated segmeiits after 30 min. 

Normal saline Tris, pH 7.95 (37") Phosphate, pH 5.75 
Segment "Unbuffered "iMeaii & S.D. P *Mean ? S.D. P 

11 
111 
I V  
V 
VI 
VI I  
VTTT 
I X  
X 

68.4 2 9.6 
60.0 -+ 4.3 
26.9 +- 6.5 
20.8 2 5.6 
23.5 2 6.2 
23.7 2 6.0 
20.0 2 3.6 
17.9 & 5.6 
17.7 2 4.4 

~~ 

65.3  & 19.8 
48.7 -+ 13.7 
40.5 -t- 12.8 
31.5 -t 8.7 
43.3 t 13.1 
33.7 -t 7.1 
33.1 & 9.1 

21.5 c 11.7 
25.3 I: 6.9 

~~ 

>.05 < .u 1 
<.Ol 
< . O l  
<.Ol 
< . O l  
< . O l  
< . O l  > .05 

~~ 

71.9 & 14.1 
51.0 -+ 9.2 
29.4 2 8.7 
28.4 _t 11.7 
29.2 -F 5.3 
33.8 & 6.2 
37.4 & 9.5 
16.0 +- 6.4 
14.1 5 6.1 

>.05 
< . O l  > .05 
6 . 0 5  
<.025 
< . O l  
< . O l  
>.05 > .05 

* Groups of 12 animals. 

TABLE IV. SrS9 Absorption. Percentage absorbed from ligxted segments after 30 mh. 

Normal saline Tris, pH 7.95 (37") Phosphate, pH 5.75 
Scgmeiit "TJnbuff ered "Mean +_ S.D. P "Mean +_ S.D. P 

11 
111 
IV 
V 
VI 
VII  
V I l I  
I X  
X 

38.6 -+ 8.6 
25.7 & 9.5 
17 .1  5 4.0 
23.9 2 8.3 
16.6 2 8.3 
14.9 2 5.5 
15.4 4 3.4 
15.7 3.8 
15.2 & 4.1 

39.8 & 10.2 
27.3 & 13.1 
21.0 & 7.1 
25.1 t 9.6 
20.8 ? 8.5 
24.1 & 7.0 
22.6 -+ 9.4 
20.7 & 9.0 
14.5 & 6.1 

> .05 > .05 
2 . 0 5  
>.05 > .05 
< . O l  
4 . 0 1  
5 . 0 5  > .05 

29.9 k13.0 
16.1 2 6.0 
11.3 2 5.4 
10.6 -+ 4.2 

9.7 +- 3.3 
9.4 2 3.3 

11.1 -+ 3.1 
9.4 2 3.4 

10.1 -+ 3.4 

* Groups of 12 animals. 

examination. Solutions of lower ionic strength 
had insufficient capacity to buffer mucosal 
secretions. 

Absorption of Cah5 and Sr". The maxi- 
mum rate of absorption of Ca45 is from the 
duodenum where 6670 of the dose was ab- 
sorbed within 301 minutes of introduction of 
the radioisotope. The absorption rate from 
the proximal jejunum is only slightly less; 
thereafter there is a sharp drop in the remain- 
ing segments, where approximately 20% only 
is absorbed in 30 minutes. The pattern for 
the rate of absorption of SrS9 is very similar, 
but the percentage absorbed in each segment 
is always less than that of Ca (Table 111, IV) . 
The difference is most marked in the duodenal 
and proximal jejunal segments but consider- 
ably reduced in the lower portion of the small 
bowel. 

By increasing the pH of the duodenal seg- 
ments to 7.3 with Tris, no change occurs in 
the rate of absorption of either Ca++ or 
Sr+ +. There is a significant drop in rate of 
absorption of calcium from the proximal jeju- 
num, whereas strontium absorption is not 
affected. On the other hand, absorption of 

both ions from all the other segments increases 
appreciably with the exception of the terminal 
ileum. Uptake of Ca45 in the femur and 
blood levels of the isotope reflect the changes 
in absorption rate from the control values 
(Table V, VII). 

A t  the pH obtained by injecting the phos- 
phate solution used as described, both calcium 
and strontium formed soluble salts. In  spite 
of this, the absorption rate of Srsg was uni- 
formly reduced in the presence of acidic phos- 
phate, throughout the small intestine. Blood 
levels and femur uptake (Table VI, VIII) 
were correspondingly lower. The absorption 
rate of calcium, on the other hand, was not 
so consistently altered as that of strontium. 
There was an insignificant increase in absorp- 
tion from the duodenum while a small reduc- 
tion was observed from the proximal jejunum. 
I n  all remaining segments except the terminal 
ileum, a slight increase of absorption occurred, 
significantly so in segments VII and VIII 
(p < 0.01). However, blood levels and bone 
uptake were lower than the control values. 

Absorption from the duodenum was reduced 
from 4105% to 25% in the presence of Tris pH 
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TABLE V. Gal-' Ahsorptioii. Blood levels (CPM) of C:tqj a t  the end of 30 min. 

Kormal xiliiic Tris, pH i.95 ( 3 i "  ,) Phosphate, pH 5.75 
Segment "Uiibuff erecl *Mea11 f S.D. P "Mean & S.D. P 

11 
111 
I v 
V 
V I  
VTl 
VITT 
IX 
X 

20392 k 6585 
10100 & 2847 
6998 2 2246 
44i4 & 2093 
4TiO IT60 
3 6 i i  & 1 3 i l  
3678 & 915 
:304i 5 915 
3160 & 1193 

1Y904 & 2773 
8596 k 3606 
6700 k 2382 
6249 k 1318 
lii57 2003 
.5203 2 1542 
W47 & 2249 
5207 f 2415 
31i2  & 1346 

<.Ol > .05 > .05 
<.0l 
<.Ol 
<.(I25 
< .o 1 
< . O l  > .05 

14816 & 2582 
8031 2 1782 
3517 & 1614 
1679 & 533 
1556 2 415 
liii 628 
1920 & 535 
1393 2 622 
1335 2 316 

< . O l  
<.025 
<.01 

7 )  

,, 

* Groups of 12 anininls. 

TABLE VI. Srbn Absorption. Blood levels (CPM) of SrSR a t  the elid of 30 min. 

Xorn1al saliiic Tris, pH T.95 ( 3 i " )  PhospIi:ite, pH 5.75 
P "Men11 & S.D. Segniciit, *Cnbuff ered *Mean k 53.T). 1) 

I1 
I11 
I V  
V 
V I  
V I I  
V I I I  
I X  
X 

16142 k 3309 
8184 k 2676 
4500 & 1158 
5090 k 1275 
4229 f 1066 
5053 2 1554 
4256 * 690 
3715 & 910 
2910 k 590 

]Gill & 5 0 8 i  
8332 2 3312 
8505 f 3125 
9642 & 3072 
6385 t 1376 
7094 & 1565 
6353  +_ 2038 
5830 11'74 
4051 2 lOU2 

> .05 
>.05 
> . O 1  
<.01 
< .o 1 
<.0 l  
< . O l  
<.0l  
< . O l  

1 1804 k2052 

2093 & 446 
2014 & 396 
2446 t 469 
2512 & 465 
2155 2 442 
2042 2 490 
22i7  436 

3 5 i 8  & 968 

* Groups of 12 aiiiaials. 

TABLE VII .  ('a4" Absorptioii. Feniur uptake ( C P M )  of CsG a t  the end of 30 win. 

Sornial  saline Tris, pH 7.95 (37") Phosphate, p H  5.75 
P *Mean & S.D. Segment "Unbuff ercd *Meail f S.D. P 

I1 
I11 
I V  
V 
V I  
VIT 

IT; x 
vIIr 

38110 2132'49 
l i722  2 4951 
8350 k 5238 
8452 2 "95 
8232 f. 2033 
7442 & 2399 
M i 9  2 2616 
5635 2 2054 
4982 & 1848 

25201 f 9354 
12038 & 5943 
8062 f 2999 

16204 2 3373 
10895 & 4246 
8826 & 32551 
7163 1859 
5945 2 2533 
3781 f I622 

<.0l 
<.O25 < .025 
< . O l  < .05 > .05 
>.05 > .05 
= , 0 5  

38625 -+ 6934 
13850 & 5585 
8062 & 2999 
2837 k i 4 4  
2828 2 9 0  
3303 +- 863 
3072 4 820 
1921 k 692 
1803 & 655 

> .05 
<.025 > .05 
<;p1 

* Groups of 12  nnimals. 

TABT,E VTTI. Srb9 Absorption. Femur uptake ( C P M )  of SrSo a t  the end of 30 min. 

Noriiial saline Tris, pH 7.95 ( 3 i " )  Phosphate, pH 5.75 
P "Mean k S.D. Segiricii t *TTnbuff ercd *Mean f S.1). P 

I1 
111 
I V  
V 
V I  
V I I  
V I I I  
IX 
X 

31051 &14099 
9658 2 2451 
6488 f 2305 
7251 k 1834 
'7909 f 3325 
9669 3941 
7 1 2 5 k  2480 
9967 f. 2925 
8248 t 1832 

31822 &I0903 
14249 & 4540 
9594 5 3411 

18140 & 4481 
8295 k 1171 
8792 f 4543 
9053 f 1460 
8255 k 1923 
8653 1811 

> .05 
<.0l < .o 1 
<.0l > .05 > .05 < .025 > .05 > .u5 

24372 -+ 6878 
6690 k 1948 
4527 1252 
3535 k 670 
2428 547 
2036 * 493 
2117 4 485 
2155 2 567 
8653 -+ 1811 

>.05 
<.01 
<.01 
< . O l  
< . O l  
<.01 
<.01 
<.01 
< . O l  

* Groups of 1 2  animals. 
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f FIG. 1. Absorption of 2 p c  Sr89 in the presence 
Tris (DH 7.15 a t  37") from lipated intestinal sev- - - . -. - . 
ments. Percentage of injected dose absorbed from 
intestinal segment. 0-0, control; 0---0, Tris. 
Each point represents mean and SD on values from 
12  rats. 

7.15. In all other segments there is a small 
increase in absorption ranging from 0.25% of 
that of the normal saline (Fig. 1 ) .  These 
changes from the normal absorption rate are 
less than with the more alkaline Tris, and 
suggest that pH as well as the presence of the 
Tris anion influences the rate of absorption. 

Total  absorption of Ca45 and W9. The en- 
hancing effect of Tris and the depressant 
effect of acid phosphate on the amount of 
Srsg and Ca45 absorbed from various segments 
of the lower small intestine reflects their ac- 
tion on the rates of absorption. These experi- 
ments suggested that Tris and acid phosphate 
might also influence total absorption from 
the entire small intestine, under physiological 
conditions. 

Solutions (1 ml) of Ca45 and SrS9, of the 
same composition as used in the ligated seg- 
ment studies, were introduced through an 
orogastric tube to lightly anaesthesized rats. 

At the end of 2 hours, the animals were sacri- 
ficed. The results confirmed the previous 
findings (Table IX), By introducing Srss in 
the presence of Tris buffer, blood levels and 
bone uptake were increased by about 250% 
of the saline control value; on the other hand, 
blood and bone counts were depressed by 
about 50% by the acid phosphate solution. 
Blood levels of Ca45 were enhanced but bone 
uptake was increased very little by the alka- 
line reagents. Acid phosphate also reduced 
Ca45 levels both in blood and in bone. 

Discussion. The results obtained by utiliz- 
ing in vivo techniques confirm the previous 
findings in our laboratories by Dukay(4) 
and Paul(5) that the maximum rate of ab- 
sorption of both Ca45 and Srs9 with carrier 
salt in physiological saline occurs in the duo- 
denal segment, with a sharp drop in the jeju- 
nal and subsequent segments. The maximal 
rate of absorption from the duodenum could 
not be increased by altering the pH, nor by 
the presence of the solubilizing anions. A 
similar conclusion was suggested by Schacter 
and Rosen( 1 2 )  who found that transfer of 
Ca45 by everted duodenal sacs is limited by 
a maximal rate. 

The introduction of phosphate which buff- 
ered the duodenum a t  pH 6.0 or of Tris (buff- 
ered a t  pH 6.5-7.05), decreased the rate of 
Srss absorption considerably. On the other 
hand, the rate of absorption from the other 
segments can be both decreased or increased. 
Both Ca45 and Srs9 absorption rates from 
segments V to IX were increased in the pres- 
ence of Tris which buffered the intestinal 
lumen to a relatively stable value at  pH 7.3. 

TABLE IX. Absorptive Capacity of the Small Intestine. Influence of acid phosphate (pH 5.85) 
and Tris (hydroxymethyl) aminoniethsne (Tris) (pH 7.95) on absorption of Ca" and Srm in- 

troduced by orogastric intubation. 
~~ ~~~ ~ 

EXP ~- EXP 
S tron t i u n P  Control Calcium Control 

CPM % CPM % 
' Blood 

Control 6,178 5 1,871 7,008 1,130 
Tris 14,663 6,202 237 12,696 1,724 185 

Bone 
Control 55,145 k 18,727 121,091 2 29,653 
Tris 142,609 + 23,730 258 130,050 -+. 18,098 107 
Phosphate 32,412 2 10,973 59 98,175 -c- 31,503 8 1  

Phosphate 3,209 5 1,378 52 5,242 5 1,379 75 

Each figure represents mean counts per min and standard deviation in  groups of 6 animals. 
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The Ca4" absorption rate from two of these rats were prepared without disturbing the 
segments was also significantly increased in 
the presence of the phosphate buffer, whereas 
SrS9 absorption was consistently reduced. 

Blood levels and bone uptake of Sr"!' and 
Ca4;' reflected, in general, variations in the 
loss of radioisotope from the intestinal seg- 
ments. However with phosphate, Ca4*; levels 
were decreased both in the bone and in the 
blood, whereas absorption from segments IV- 
VIII was increased, significantly so in seg- 
ment VII and VIII (p < 0.01). I t  is possible 
that high phosphate derived from the acidic 
gut contents caused the formation of colloidal 
calcium phosphate in the hepatic veins, sub- 
sequently removed by the liver. This would 
account for the decreased blood and bone 
levels of Ca4') against the increase observed 
in the absorption rate. Further studies on the 
distribution of Ca45 in the soft tissues are 
necessary to confirm this hypothesis. 

The intubation studies have shown that to- 
tal absorption as well as rate of absorption of 
Ca or Sr is affected by the presence of Tris 
or phosphate buffer ; apparently absorption 
under physiological conditions depends strong- 
ly on the anionic character of the metal salt 
as well as on the pH. As it is impossible to 
alter one variable at a time in experiments 
of this kind, it is difficult to determine whether 
alteration of pH or the presence of the solubi- 
lizing anion is directly responsible for the 
observed change from the normal absorption 
pattern. A third factor is introduced by the 
possible side effects of the buffer ions: Tris 
is a primary aliphatic amine of considerable 
reactivity. 

Kshirsagar et aZ( 13) have recently reported 
an overall discrimination in favour of 
calcium over strontium in the transfer from 
blood to bone. I t  is interesting to note that 
the Tris buffer used in our experiments re- 
versed blood levels and bone uptake in favour 
of strontium (Table 111). These alterations 
in absorption mechanisms may be of impor- 
tance in the induction of malignant bone 
tumours by radioactive strontium ( 14). 

Summary. Ligated intestinal segments in 

vascular or lymphatic supply. The pH of the 
contents of the lumen, measured immediately 
after excision of the segment, ranged from 
5.96 in the proximal jejunum to 7.24 in the 
terminal ileum. Introduction of an  acid phos- 
phate buffer reduced the pH of all segments 
to the range 5.95-6.19. Tris (hydroxymethyl) 
aminomethane increased the pH to the range 
7.03-7.6. Acid phosphate decreased the ab- 
sorption rate of Sr whereas the alkaline Tris 
reagent increased absorption of both Sr and 
Ca from all segments except from the duo- 
denum, which appears to have a maximum 
limiting rate. Intubation experiments con- 
firmed the results obtained with ligated seg- 
ments: the total absorptive capacity of the 
small intestine for these ions is decreased by 
acid phosphate and increased by the alkaline 
Tris reagent. 
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