
which is relatively inaccessible to the 
predator, the prey can multiply in safety 
while releasing progeny into the hostile 
liquid phase. The wall of the culture 
vessel provides such a refuge. The onset 
of growth on the wall in the experi- 
mental populations was preceded by 
one complete oscillation of the popula- 
tion densities, that is, predation de- 
creased the bacterial density from 2.5 X 
108 cells per milliliter to a residual pop- 
ulation of 2 X 105 cells per milliliter. 
Slight wall growth then appeared. 

An electrostatic attractive force of 
about 10-8 dyne is required to hold a 
bacterium against the wall of a culture 
stirred at 300 rev/min (11). To dislodge 
adherent bacteria, Tetrahymena would 
have to increase -the strength of its 
ciliary currents. Alternatively, attach- 
ment to the wall, plus an increase in 
ciliary action, might dislodge attached 
prey. Both adaptations would, however, 
involve major morphological and phys- 
iological changes akin to speciation. 

The lag before wall growth first ap- 
pears and the lack of wall growth in 
the control cultures strongly suggest 
that, in this particular system, adherence 
to the vessel wall is a specific adapta- 
tion avoiding predation. Although the 
control cultures did not exhibit signifi- 
cant wall growth for the duration of 
the experiments, the subsequent addi- 
tion of Tetrahymena to these cultures re- 
sulted in the appearance of wall growth 
after about 250 hours. Bacteria isolated 
from the walls of the culture vessel on 
termination of the experiment showed a 
marked preference for growth on solid 
surfaces or in large cell aggregates. At- 
tempts were made to measure the 
amount of wall growth by suspending 
glass slides in the culture vessel, scrap- 
ing the adherent cells into buffer, and 
counting under the microscope. Densi- 
ties of 105 to 106 cells per square centi- 
meter were found. 

Apparently genetic feedback (12) oc- 
curs within the populations ultimately 
stabilizing the predator-prey relation- 
ship at a level that ensures the survival 
of both species. Natural selection in 
predator-prey systems increases the ef- 
ficiency of the predator in finding and 
eating its prey but it also favors those 
individual prey which escape being 
eaten. If adherence to the walls of the 
culture vessel enables a bacterium to 
survive and reproduce, these variants 
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(5). In addition, strong evidence in- 
dicates that the resulting 1,25-dihy- 
droxyvitamin D3 [1,25-(OH)2D3] does 
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not require further metabolic altera- 
tion before it initiates both intestinal 
calcium absorption and bone calcium 
mobilization (6). Therefore, it appears 
that 1,25-(OH)2D3 is at least one of 
the hormonal forms derived from vita- 
min D responsible for the mobilization 
of calcium from these two organs. This 
concept was strengthened by the find- 
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Table 1. Stimulation of intestinal calcium transport and accumulation of 1,25-(OH)2D, in 
blood and intestine of rats fed a low phosphorus diet. Weanling rats were fed a vitamin 
D-deficient diet containing 1.2 percent calcium and either 0.1 or 0.3 percent phosphorus for 
2 weeks. At that time the rats receiving 0.1 percent phosphorus weighed 76 ? 6 g (24 rats) 
and those receiving 0.3 percent phosphorus weighed 88 ? 10 g (20 rats). At this stage a 
third of the rats in each group received 130 pmole of 25-OHDa orally each day in cottonseed- 
soybean (Wesson) oil; another third received 130 pmole of 25-OH[3H]Do orally each day in 
Wesson oil, and the other third received only Wesson oil each day. All rats were killed by 
decapitation 2 weeks after this treatment was begun. The tissues from three or four rats 
receiving 25-OH[3H]D3 were pooled for each group, extracted, and chromatographed (13) to 
determine the amount of 1,25-(OH)2Da, while the other rats (at least six per group) were used 
to measure intestinal calcium transport by the everted sac method (12). Serum calcium and 
phosphorus were measured in all animals. Standard deviations are given. 

1,25-(OH)2D3 in 
Body Serum Serum Calcium 

Treat- weight calcium phosphorus transport Intestinal Serum 
ment (g) (mg/ (mg/ (inside/ mucosa (pmole/ 

g100 ml) 100 ml) outside) (pmole/ ml) 
g) 

0.1 percent dietary phosphorus 
Oil 104 ? 10 10.7 ? 0.4 1.7 ? 0.3 1.6 ? 0.1 
25-OHD3 116 ? 11 13.1 ? 0.7 6.5 ? 0.8 7.9 ? 0.6* 0.760 1.07 

0.3 percent dietary phosphorus 
Oil 154 ? 9 11.6 ? 0.4 3.9 + ?0.3 2.0 ? 0.2 

25-OHDS 165 - 16 11.7 ? 0.4 9.8 ? 0.7 3.9 ? 0.3t 0.322 0.395 

* Significantly different from t (P < .001). 
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Intestinal Calcium Transport: Stimulation by 
Low Phosphorus Diets 

Abstract. Rats maintained on a low phosphorus diet supplemented with 25- 
hydroxyvitamin Dg show high intestinal calcium transport activity as compared 
to rats similarly treated but fed a diet containing adequate phosphorus. This 
increased transport activity is correlated with an increased biosynthesis of 1,25- 
dihydroxyvitamin D3, the probable metabolically active form of the vitamin in 
the intestine. 
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ing that the biosynthesis of 1,25- 
(OH)2D3 in the kidney is subject to 
strong feedback regulation in some 
manner by serum calcium, which is in 
turn determined to some degree by 
dietary calcium (7). Thus, the adapta- 
tion of intestinal calcium absorption to 
dietary calcium can be accounted for 
at least in part by regulation of 1,25- 
(OH)2D3 synthesis. 

The parathyroid glands sense the 
serum calcium concentration and 
secrete parathyroid hormone in re- 
sponse to hypocalcemia. The parathy- 
roid hormone plays a determining role 
in the synthesis of 1,25-(OH)2D3 (8). 
Hypophosphatemia also triggers 1,25- 
(OH) 2D3 synthesis, and it appears that 
a low concentration of inorganic 
phosphorus in the renal tubule cell 
may actually be responsible for in- 
creased 1,25-(OH) 2D3 synthesis in 
response to parathyroid hormone (9). 

Morrissey and Wasserman demon- 
strated that chicks on low phosphorus 
diets show increased rates of calcium 
absorption and increased intestinal 
production of calcium-binding protein 
(10). It seemed likely that these ob- 
servations might be accounted for by 
an increased production of 1,25- 
(OH)2D3, the hormonal form of vita- 
min D3 responsible for increased in- 
testinal calcium absorption. 

Weanling male rats from a low 
vitamin D colony (Holtzman, Madi- 
son, Wisconsin) were fed a vitamin 
D-deficient diet (11) containing 1.2 
percent calcium and either 0.1 or 0.3 
percent phosphorus for a total of 4 
weeks. The animals were maintained 
in hanging wire cages and had free 
access to food and water. For each 
concentration of phosphorus, a third 
of the rats received 130 pmole daily 
of nonradioactive 25-hydroxyvitamin 
Ds (25-OHD3) orally in 0.1 ml of 
cottonseed-soybean (Wesson) oil for 
the last 2 weeks. Another third of the 
rats received 130 pmole of tritiated 
25-OHDa orally each day, while the 
remaining third received the 0.1 ml of 
Wesson oil vehicle daily during the last 
2 weeks. At this time, all rats were 
killed by decapitation. Serum was col- 
lected from each rat. The rats receiving 
the oil vehicle or the nonradioactive 
25-OHD3 were used for measurements 
of intestinal calcium transport by the 
everted sac method (12). Intestine, 
kidney, and serum were immediately 
collected from the rats receiving the 
25-OH[a3H]D3. Intestinal mucosa, kid- 
ney, and blood were homogenized with 
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Table 2. Dietary phosphorus and the metabolism of 25-OH[3H]D3. The rats were fed vitamin 
D-deficient diets containing 1.2 percent calcium and either 0.1 or 0.3 percent phosphorus for 
2 weeks. At this time each rat received 135 pmole of 25-OH[PH]D3 orally in Wesson oil daily 
for 14 days. The rats were killed by decapitation for the radioactivity determinations. The 
samples of serum or tissue homogenate were solubilized in Nuclear-Chicago solubilizer to 
measure the total radioactivity in the tissues. For the determination of 1,25-(OH) 2D, the tissues 
were extracted and chromatographed (13). The tissues from four rats in each group were 
pooled and analyzed; dpm, disintegrations per minute. 

Radioactivity in Radioactivity as 
Dietary _______.__ 1,25 = (OH)2D3 in 

phos- Intestinal pho,s- Intestinal Kidney Intestinal 
phorus mucosa Serum phorus mucosa Serum 

(dpm per mucosa Serum 
content (dpm per (dpm/ (dpm per m 

(% 0? gram of (dpm per (dpm/ 
tissue) gram of ml) 

tissue) 

0.1 11,650 31,425 16,125 2,867 4,044 
0.3 11,125 31,620 16,875 1,216 1,489 

five volumes of distilled water, ex- 
tracted with a methanol-chloroform 
mixture (1), and chromatographed on 
a Sephadex LH-20 column prepared 
and developed in chloroform, Skelly- 
solve B (65:35, by volume) (13). 
Portions of tissue homogenates or 
blood were dissolved in Nuclear-Chi- 
cago solubilizer to determine total 
radioactivity. Column effluents were 
collected and dried under a stream of 
air. To each sample was added a 
toluene counting solution (1), and 3H 
was determined in a Packard liquid 
scintillation counter (model 3375) 
equipped with automatic external stan- 

Fig. 1. Chromato- 
graphic profiles of 

methanol-chloroform 
extracts of intestinal 
mucosa and serum 
of rats fed a diet 
containing low phos- 
phorus (0.1 percent) 
or normal phospho- 
rus (0.3 percent). 
The 2 by 12 cm col- 
umn contained 10 g 
of Sephadex LH-20 
and was eluted with 
chloroform, Skelly- 
solve B (65 : 35) 
(Skellysolve B is a 
light petroleum ether 
fraction redistilled 
at 67? to 69?C) as 
described by Holick 
and DeLuca (13). 
Fractions of 5.5 ml 
were collected, and 
the radioactivity in 
each was deter- 
mined; dpm, disin- 
tegrations per min- 
ute. 
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dardization. The amount of metabolite 
in each tissue was calculated from 
the specific radioactivity of the 25- 
OH[3H]D3 given, since these animals 
had no other source of vitamin D. 

Serum calcium concentration was 
determined with a Perkin-Elmer 
atomic absorption spectrometer (model 
402) in the presence of 0.1 percent 
lanthanum chloride. Inorganic phos- 
phorus was measured by the method 
of Chen et al. (14). 

The 25-OHD3 used was kindly sup- 
plied by John Babcock of the Upjohn 
Company, Kalamazoo, Michigan. The 
25-OH[3H]D3 was prepared in this 
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) 30 
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laboratory (15), and Sephadex LH-20 
was purchased from Pharmacia, Pis- 
cataway, New Jersey. 

Rats on the low phosphorus diet 
develop severe hypophosphatemia, 
which is partially corrected by the 
administration of 25-OHD3 (Table 1). 
These animals have marked intestinal 
calcium transport activity, even more 
marked than that observed in rats on 
low calcium diets (16). Rats fed a 
normal amount of phosphorus (0.3 
percent) show a hypophosphatemia 
that is corrected by the 25-OHD3 
treatment. Although calcium transport 
is high, it is approximately half that 
of rats on the low phosphorus diet. 
Thus, in agreement with Morrissey 
and Wasserman (10), low phosphorus 
diets result in high rates of calcium 
absorption in rats as well as in chicks. 

Because low phosphorus diets that 
result in hypophosphatemia have been 
shown to result in increased biosynthe- 
sis of 1,25-(OH)2D3 (9), the vitamin 
D-derived hormone responsible for 
the initiation of intestinal calcium ab- 
sorption, it was of interest to deter- 
mine if the increased transport of 
calcium could be correlated with the 
production of 1,25-(OH)2D3 and its 
accumulation in the intestine. The low 
phosphorus diet stimulates the accu- 
mulation of 1,25-(OH)2D3 in blood 
and intestine (Fig. 1); there is more 
than twice as much 1,25-(OH)2D3 in 
the intestine and blood of rats on the 
low phosphorus diet than in those of 
animals on the normal phosphorus 
diet (Table 1). More 24,25-dihydroxy- 
vitamin D3 [24,25-(OH)2D3] is ob- 
served in the chromatographic profiles 
of rats on the 0.3 percent phosphorus 
diet than in those from rats on the 0.1 
percent phosphorus diet. 

Dietary phosphorus does not affect 
the accumulation of radioactivity in 
blood serum, kidney, and intestine, 
whereas it markedly affects the amount 
of that radioactivity appearing as 1,25- 
(OH) 2D3 (Table 2). Thus, low phos- 
phorus diets and the resulting hypo- 
phosphatemia stimulate 1,25-(OH) 2D3 
production, which is probably respon- 
sible for increased calcium transport 
and may contribute further to the 
hypercalcemia. The increased accumu- 
lation of 1,25-(OH)2D3 under condi- 
tions of hypercalcemia and hypo- 
phosphatemia, in which there should be 
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production, which is probably respon- 
sible for increased calcium transport 
and may contribute further to the 
hypercalcemia. The increased accumu- 
lation of 1,25-(OH)2D3 under condi- 
tions of hypercalcemia and hypo- 
phosphatemia, in which there should be 
little or no parathyroid secretion, 
demonstrates that parathyroid hor- 
mone is not necessary for 1,25- 
(OH) 2D3 production in the hypo- 
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phosphatemic animal. It also provides 
support for the idea that the inorganic 
phosphate concentration in renal cells 
is an important determinant of 1,25- 
(OH) .D3 production. 
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microscopy, and mass spectroscopy. 

During our studies on virus-induced 
feline urolithiasis, we isolated a virus 
which produced cytopathic effects of 
the adenovirus type in cell cultures 
(1). This virus has been identified as 
a new feline herpesvirus. Intracellular 
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have not been observed in the unin- 
fected control CRFK cells. The initial 
demonstration of the various crystal 
types in infected cells made with a 
microscope with either conventional or 
polarized light was confirmed by ex- 
amination of ultrathin sections of simi- 
lar cells with an electron microscope. 

During the examination of unstained, 
living cell cultures derived from kid- 
neys, bladders, and hearts of cats with 
either spontaneous or experimental 
cases of urolithiasis, many fat globules 
were observed in supernatant fluids 
within 24 hours after the initiation of 
culture. These fat globules persisted. 
On occasion a cell was seen to release 
fat globules into the culture fluids. 
Many cells in these cultures contained 
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