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‘intestine has been undertaken. 1In chick intestinal cytosol a 3. 7§ protein” -

" ABSTRACT

During the past three years considerable advance has been registered in
our understanding of the mechanism of intestinal calcium transport, which is
activated in response to 1,25-(0H),D,, the active form of the vitamin in the
system. ~In brush borders isolated”ffom vitamin D-deficient chicks, a 200,000

- molecular weight protein has been found by disc gel electrophoresis which is
- not present in chicks given vitamin D. This protein does not bind calcium

and does not possess calcium dependent adenosine triphosphatase activity.
Following the administration of 1,25-(0H) D, to the deficient chicks this
protein disappears from the disc gel profilés and a protein of molecular
weight 230,000 appears in the gel profiles. This protein has been isolated and

-shown to possess calcium adenosine triphosphatase activity, alkaline phosphatase

activity and it binds calcium. Work is progressing on the purification of these
proteins with the ultimate aim of discerning what role they have in intestinal
calcium transport.

~ An investigation of the subcellular localization of 1,25-(0H)_.D., has been "
partially completed using cellular fractionation techniques specifically
adapted to the intestine. Eighty percent of the radioactivity found in intes-
tinal mucosal homogenates of rats and chicks ‘can be found in the crude nuclear °
debris fraction. However, when pure nuclei are isolated, only 207% of the total
mucosal radioactivity can be accounted for in this fraction. Unfortunately, the
yield of nuclei is only about 20%, which casts some doubt on this information. On

-the other hand, the isolation of pure chromatin using the procedures of Marushige

and Bonner ‘revéaled that only 20-30% of the tissue radioactivity is found in this
fraction. Thus some 50% of the radioactivity from 1,25- (OH)2 3 in the intestinal
nuclear fraction is unaccounted for, .

During the course of the investigation of the subcellular location of 3H—
1,25—(0H)2D , it became obvious that the 9-12 Ci/mmole 3H—1,25—(0H)2D currently
available“was not radioactive enough to permit autoradiographic expéeriments and
which would permit receptor binding experiments with physiologic amounts of
1,25-(0H) D Consequently, under this contract we successfully synthesized 1,25-
(OH) -[23, 23 HID, with a specific activity of 80 Ci/mmole, which will permit
autof¥adiography, Subcellular locatlon and receptor binding u51ng phy51olog1cal
amounts of the 3H l 25- (OH)

“An investigation of possible receptor proteins for 1,25-(0H), D in the - v
which binds 1,25—(OH)2D with high affinity and low capacity has been detected

using sucrose density gtadient analysis. This protein could be detected only

if the intestinal proteolytic enzymes were removed by washing the mucosal cells
before homogenization. This protein is highly specific for 1,25-(0H) ,D, and has
properties consistent with its possible role as a receptor. However, nd such protein
has been detected in the cytosol of rats and mice using techniques which are
successful for chicks. Because the rat and mouse respond to 1,25-(OH)_ D, just as
well as chick, the idea that the 3.7S protein is a receptor in the calCilm transport

. mechanism is premature. The 3.7S protein has been stabilized and is now being

purified.



The complex in the nuclear fraction that binds 1,25-(0H) D, in vivo has

. also been studied. It has been solubilized with a calcium-magnesium buffer

and purified. Its'moleCUlar weight is about 200,000 but is quite unstable.

Work has continued on the factors which regulate 1ntest1nal calcium
transport by regulatlng the biogenesis of 1,25-(0H) D in the kidney. It has
now been shown by both in vivo measurements of 1,25= (8H accumulation in
blood and intestine and b by means of in vitro measurements of the 25-OH-D, -la-
hydroxylase in isolated chick kidney “mitochondria that the following agents
reduce intestinal calcium transport by reducing the biosynthesis of 1,25-(0H) D
high calcium diets, 1,25-(0H),D, itself, strontium diets, ethane-l-hydroxy-1,
diphosphonate (EHDP), high phOosphate diets and parathyroidectomy. The admlnls—
tration of exogenous sources of 1,25-(0H), D, restores intestinal calcium transport
of animals given high calcium diets, strontium diets, treated with EHDP and
animals whose parathyroids were removed by surgery, illustrating that these
agents do function on 1ntest1nal calcium transport by depre551ng biogenesis of
the 1,25~ (OH) .

Low phosphorus diets. have also been shown to increase the accumulation of e
1 25-(0H) .D., in intestine and blood. Furthermore, chicks placed on a low .
phosphate diet show elevated levels of the 25-OH-D,-la-hydroxylase of isolated
kidney mitochondria. However, the administration 0f exogenous sources of
1,25-(0H) . D, to low phosphate rats and high phosphate rats fails to correct the
differencé In intestinal calcium transport which suggests that phosphate depriva-
tion has some other effect on intestinal calc1um transport other than stlmulatlon
of 1 25- (OH) b10genes1s.

In conjunction with work carried out on my NIH grant dealing with the metabo- '
1lism and function of vitamin D,. a number of analogs of 1,25-(0H)_D, and other
metabolites of vitamin D_, have been.prepared. Of great importance is la-OH-D
which will approx1mate 1525~-(0H) ,D, ‘in its biological actlvity in all systems
known to be responsive.to vitamiii D. The synthesis of 6- 3H-1a-0H-D, has been
completed and this compound has been shown to be converted to 1,25- 2OH) D3 in
vivo. Because this conversion occurs before the intestine and bone respond to
the la-OH-D,, it is likely that the la-OH-D, must be converted to 1,25-(0H),D
- before it flinctions on intestine and bone. ~3-Deoxy-la-OH-D, has been synthésized
and shown to be active in intestinal calcium transport whicg illustrates that the
3-hydroxyl group is not essential to intestinal calcium transport if the vitamin D
molecule has a la-hydroxy group present. A number of side chain analogs have
been synthe51zed which illustrate that shortening.of the side chain by even one
carbon on 1,25-(0H),D., markedly reduces its intestinal calcium transport activity
and furthermore elimination of a large piece of the side chain will completely
eliminate its activity in this system. Appreciably altering the side chain by
removal of one or more carbons such as 26 and 27 also markedly reduces biopotency
in the intestine. Other analogs which represent isomers of the cis-triene structure
have revealed that alteration of this system also results in markedly reduced
biologlcal activity. So far it can be said that the intestinal calcium transport
system requires an intact side chain, an intact cis-triene structure and the
presence of a la-hydroxyl group. The 3- hydroxyl group is not requlred for this
system if the la-hydroxyl group is present :




The 24-hydroxylated vitamin D compounds have been tested in the intestinal
calcium ‘transport system. The 24R-OH-D, and 24R 24,25—(OH)2D3 are much more
active than the 24S isomers in stimulating intestinal calcium™ transport of
vitamin D-deficient rats while both S and R isomers of 1,24,25-(0H).D, are
equally active in this system. Since nephrectomy prevents the respdne of
‘intestine to.the 24,25-(0H),D,, it appears that the 25-OH-D,-l-hydroxylase
discriminates against the S conflguratlon However, all 24=hydroxylated
vitamins are less active than their non—24—hydroxylated counterparts and are
metabolized and excreted much more rapidly suggestlng that the 24-hydroxylat10n
1s an inactivation mechanism.

1,25-(0H) ,D.,, la-OH-D, and 25-OH-D, are 1/10 as active in chick intestine
as their vitamin“D, analogs. Since the“vitamin D, compounds are all rapidly.
metabolized and exCreted in this species, it seems that chicks -discriminate
against the vitamin D2 compounds by their rapid metabolism and excretion.

An extract of the plant Solanum malacoxylon has been studied for its effects
on intestinal calcium absorption in nephrectomized rats. This extract will _
stimulate intestinal calcium transport in the vitamin D-deficient,. nephrectomized
rat very much like 1,25-(OH). D However, unlike the metabolite of vitamin D,
the extract will not stlmula%e bone calcium mobilization nor will it stimulate
the elevation of serum inorganic phosphate and the cure of rickets. The active
principle has been greatly purified and although not completely pure has a
molecular weight of 2,000-2,500 as determined by Sephadex chromatography. The
substance is stable to alkali and unstable to acid. Work is continuing on its:
purlflcatlon for subsequent chemlcal 1dent1f1cat10n

. The role of vitamin D in phosphate transport reactions in the intestine has
been studied in some detail. Phosphate transport in the ileum and the jejenum
in response to vitamin D takes place in the absence of calcium in the medium
in vitro. Furthermore this transport system requires sodium and metabolic
energy. Sodium is required for the uptake of phosphate from the brush border
surface rather than for the extrusion of phosphate from the serosal or basement
membrane. The ileal transport of phosphate is stimulated by 1,25-(OH) D and
25-0H~D Nephrectomy prevents the response to physiologic amounts of 2% OH-D
~which 1 lustrates that 1,25- (OH) is a phosphate transport hormone as well as
a calcium transport hormone.

Methods for evaluating the absorption of lead ions in vivo and in vitro
have been developed. Vitamin D, increases lead absorption from small intestine
and the primary site of absorption is the distal small intestine.



I. 'MAIN. RESEARCH ACCOMPLISHMENTS

A. Regulation of Intestinal Calcium Transport

Perhaps the greatest accomplishment under the past three years of research
support from the U. S. ERDA has been the demonstration that a number of substances
which have been previously thought to directly affect calcium transport have been
shown to do so by regulating the synthesis of 1,25-(0OH),D,, the active form of
the vitamin which is synthesized exclusively in the kidney as described in the
previous three-year overall review. The most significant of all of these is the
- well known regulation of intestinal calcium transport by dietary calcium levels.
It had been demonstrated in 1937 by Nicolaysen and his collaborators in 1953 that
animals or man on a low calcium diet develop high efficiencies of intestinal’
calcium absorption while those on a high calcium diet develop low efficiencies.
Because the adaptation to low dietary calcium was found to continue until bones
were completely calcified, Nicolaysen had postulated the existence of an
endogenous factor or hormone which was secreted by the skeleton and which would
instruct the intestine to absorb calcium. This endogenous factor could only be
found in animals or man given a source of vitamin D. With the demonstration
that 1,25-(OH) D, is. the metabolically active form of the vitamin in the. intestine,

* research in this laboratory demonstrated clearly that low dietary calcium

stimulates the biogenesis of 1,25-(0H) oD whereas high calcium represses the
synthesis of this hormone. When the syn%hesis of the 1,25-(0H)_, D, was repressed
another metabolite, 24,25—(OH)2D , was made instead. 24,25- (OH; B now appears to
be an intermediate in the excretion of vitamin D_,.. In any case, 1% appeared

that 1,25- (OH)ZD might be the endogenous factor whlch controls intestinal calcium
transport in réesponse to the need for calcium. Conclusive demonstration has now
been obtained in both chicks and rats that this is the case. Rats or chicks
maintained on 1,25-(0H) D, show high efficiencies of intestinal calcium transport .
quite independent of digétary calcium, whereas animals maintained on 25-OH-D,, the
immediate precursor, as.their source of vitamin D show the expected adaptation to
.dietary calcium. It is, therefore, clear that the regulation of intestinal

calcium transport by dietary calcium levels is mediated by regulation of biogenesis
of 1,23—(0H)2D3

In a similar fashion it has been demonstrated that strontium replacing calcium.
in the diet produces a vitamin D-resistant rickets and a markedly reduced intestinal
calcium transport. This has been shown by work in this laboratory under the EDRA
contract to be-due to a shut down in the biosynthesis of 1,25- (OH) D Administra-
‘tion of 1,25-(0H).D, reverses the strontium-induced repression of 1ngest1nal
calcium transport.

Ethane-1l~hydroxy-1,l-diphosphonate (EHDP), a pyrophosphate analog which is
used in the treatment of Paget's disease and other bone diseases in man, causes
rickets and repressed intestinal calcium absorption in both rats and chicks. This |
can be reversed by the administration of exogenous sources of 1,25-(OH) D . Further-
more, it has been demonstrated that this diphosphonate given at 10-40 mg/%g body
weight shuts down the biosynthesis of 1,25-(0H)_.D In vitro measurements of
the 25—OH—D3—la—hydroxylase of isolated mitochondria demonstrate that the enzyme



has been shut down by the diphosphonate treatment. Although direct in vitro
addition of the diphosphonate inhibits noncompetitively the 25-0H-D “la-
hydroxylase, the concentration requlred for inhibition is of the oraer of 1 mM.

. Because of this high concentration and because parathyroid hormone from

exogenous sources can overcome the inhibition by diphosphonate in vivo, it
appears that the EHDP acts by suppressing parathyroid hormone secretion or
biosynthesis. '

. It has long been known that phosphate depletion of animals brings about an
elevated intestinal calcium transport. Work in this laboratory during the past
contract period has shown tht this is due to a stimulation of 1,25—(OH)2D ,
synthesis even in parathyroidectomized animals. In fact the extent to which
intestinal calcium transport is stimulated by low phosphate diets exactly
correlates with the accumulation of 1,25-(0H),D. in the intestine. However, the
exogenous administration of 1,25-(0H),D, is not effective in eliminating the
difference between intestinal calcium“tfansport of rats on a low phosphorus diet
versus those on a normal phosphorus diet. It is, therefore, clear that phosphate
depletion besides stimulating the biogenesis of 1,25-(0H) D, also has some other
effect on intestinal calcium transport quite 1ndependent of"its effect on the
stimulation of 1,25- (OH)

Another major accomplishment during the .past contract period is the demonstra-
tion that the need for calcium, which stimulates the- synthesis of 1,25—(OH)2D3, has
been shown to be mediated by the parathyroid glands. Work carried out in our
laboratory.has shown that parathyroidectomy of rats maintained on a low calcium
diet is followed by a shut-down in 1,25-(0H),D, synthesis, which could be restored

" by the administration of exogenous parathyroid hormone. It is, therefore, clear

that parathyroid glands sense slight hypocalcemia which in response secretes
parathyroid hormone. The parathyroid hormone progresses to the kidney where it
stimulates 1,25-(0H) D, synthesis. The 1,25- (OH)2D then journeys to the

. intestine and bone w%ere it mobilizes calcium, restdring serum calcium to normal,

and shuttlng off parathyroid hormone. secretion.

Because of the finding that the parathyroid glands regulate 1,25-(OH),D
synthesis in response.to a need for calcium, work was carried out to test whether
the well established effects of parathyroid hormone on intestinal calcium absorp-
tion and bone calcium mobilization might be due solely to its stimulation of
1,25-(0H) D3 synthesis which must be regarded as a calcium mobilizing hormone.

It was showh in a series of experiments that the intestinal calcium transport

response to 1,25-(0H).D, does not require the presence of parathyroid hormone and

furthermore this effeCt”is not enhanced by the presence of the peptide hormone.

‘On the other hand the mobilization of calcium from bone requires the parathyroid

hormone as well as 1,25-(0H),D,. It is, therefore, clear that the stimulation of
intestinal calcium transport’ by parathyroid hormone is mediated entirely by the
stimulation of 1,25—(OH)2D3 synthesis.

In all of these regulation studies the accumulation of 1,25-(0H)_D, in the
tissues in vivo from radioactive 25-OH-D, have been confirmed by direct measure-
ments in vitro of the 25-OH-D,-la-hydroxylase in isolated mitochondria from chicks.
Thus we have shown that high Calcium diets, diphosphonates, high strontium diets,
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parathyroidectomy and high phosphate diets repress the level of 25-OH-D,-la-
hydroxylase in the kidney, and on the other hand, parathyroid hormone, he’
lack of calcium and the lack of phosphate results in enhanced levels of the °
25—OH—D3—1a—hydroxylase-in isolated chick kidney mitochondria. :

Finally, it should be noted that regulation of the 25-OH-D,-la-hydroxylase
is greatly minimized in vitamin D deficiency. Thus vitamin D-déficient animals
regardless of their dietary calcium and phosphorus levels have high levels of
25-0H-D,-la-hydroxylase. In animals fed either a high calcium or a high
phosphate diet, the administration of vitamin D brings about a shut-down in the
25-0H-D,-la-hydroxylase and an increase in the 25-OH-D,-24-hydroxylase. This
shut-down has been shown to be due to the 1,25-(0H).D.”in some way playing a
direct role in the regulation of its own biogenesis. “The exact mechanism of
this regulation is unknown but since the shut-down of the la-hydroxylase requires
hours, it does not appear to be due to 1,25-(0H), D, stimulating or working
through ionic inhibition or activation. Thus it"is clear that physiologically,
the calcium and phosphorus levels of the blood, the parathyroid hormone and
1,25-(0H) D, itself all interact to regulate the 25fOH—D3—1a;hydroxylase in the
kidney by~ sdome complex and unknown mechanism.

. B. Mechanism of GCalcium Transport

The main thrust of this 'investigation has been an examination of the

" mechanism whereby 1,25-(0H) D, will stimulate the intestine to begin transporting
calcium. Thus examination O0f the subcellular location of tritium labeled
1,25-(0H) ,D, was undertaken. Within one hour following the administration of
radioactive™1,25-(0H) ,D, intravenously, 80% of the intestinal mucosa 3§ is found
in the nuclear fraction. The remainder is found primarily in the cytosol with
""small amounts appearing in the mitochondria and microsomes. A further examina-
‘tion of the nuclear fraction revealed that the intestine does not fractionate
very easily by standard methods. Repeated attempts to develop methods which would
allow for quantitative isolation of pure nuclei have met with failure. However, .
a procedure for isolating 20% of the mucosal DNA-in the form of pure nuclei has
been devised. With this method it is possible to show that only 20-30% of the
nuclear fraction radioactive 1,25—(OH)2D can be accounted for in pure nuclei.
This agrees with our finding that only 28—30% of the cellular tritium labeled
1,25-(0H) ,D, is found in the chromatin fraction when it is isolated in pure form
by the methdd of Marushige and Bonner. Thus approximately 50% of the cellular
radioactivity from tritiated 1,25-(0H) D, in intestinal mucosa is unaccounted for.
We have been able to solubilize this matérial with a magnesium-calcium buffer and
purify it. It has ' a molecular weight of 200,000 and is quite unstable.

Because of a report from another laboratory that 1,25-(OH).D functions in
the intestine in the manner of a steroid hormone, attempts have béen made to locate
a cytosolic receptor protein in intestinal mucosa which would be specific for
1,25-(0H) ,D,. In the intestinal mucosal cytosol obtained from vitamin D-
deficient rats, a 6S macromolecular component could be located by sucrose density
centrifugation which binds both tritium 25—OH—D3 and tritium labeled 1,25-(0H)2D3.



~ No other protein could be located which would bind specifically 1,25-(0H),D

. as has been reported in the chick. The 6S macromolecular component, however,
shows binding ability only for tritium labeled 25-OH-D, and not labeled

1,25-(0H) ,D, when administered in vivo. Furthermore, Saturation studies have
“shown tha% %he 6S ‘macromolecular component has a higher affinity for 25-OH-D
~than for 1,25-(0H) ,D,. By administering to nephrectomlzed animals nonradioactive
25-0H-D. or nonradioactive 1,25-(0H) . D, in saturating amounts, it was p0531ble

to test whether in vivo loaded 6S macromolecular -component could bind 1,25- (OH)2D3
in vitro. Den31ty gradlent sucrose analysis revealed clearly that in vivo
saturation with 25-OH-D, prevents in vitro binding of either tritium labeled
1,25-(0H) ,D., or tritium” labeled 25- —OH-D. to the 6S macromolecular component. On
the other“hand, the in vivo administration of 1, 25-(0H) D in saturating amounts
- does not prevent the b1nd1ng in vitro of either of the raéloactive metabolites of
vitamin D. These results clearly show that the 6S macromolecular component in
the intestinal cytosol is not a receptor for 1,25- (OH)2D3 in the stimulation of
intestinal calcium transport. :

More recent work has centered on a 3.7S cytosolic protein in chick intestinal
‘mucosa which binds 1,25-(0H) ,D,. This cytosolic component binds 25-OH-D, poorly
and binds 1,25-(0H),D. rathef Specifically. We have been able to stabilize this
protein but have beén”unable to demonstrate its existence in rats or mice by the
conditions favorable for observing the chick protein. The chick proteln has now
been used in the development of a method for assay of the 1,25- (OH)2D3 in human

plasma.

Despite the fact that some 20% of Lhe tritium labeled 1,25—(OH)2D3 of
intestinal mucosa is found in the nuclear fraction, it has not been possible to
block the intestinal calcium transport response to 1,25~ (OH)2D3 with actinomycin
D, despite the fact that this identical treatment will block™1, 25-(0H) D —induced
bone calcium mobilization. Thus it is not at all convincing that 1, 25= (BH) D
stimulates intestinal calcium transport by the unmasking of genetic information
which brings about the synthesis of specific proteins which function in intestinal
calcium transport. Much additional work is necessary before this hypothesis can
be e1ther excluded or be supported by experimental fact.

Throughout our work on the subcellular locatlon of 3H 1,25- (OH) D, in intestinal
mucosa, we have been hampered by insufficiently radioactive preparations to permit
autoradiography, microautoradiography, the use of truely physiological - doses of
34-1,25-(0H) ,D.,, for subcellular distribution studies and physiological concentra-
tions for meaningful binding studies. Other investigators as well as our group
have been forced to use 3 nmolar 3u- 1, 25 (OH) D in the incubaiions and we
estimate the maximum concentrations in vivo to ge lO to 10 molar. This
may account for our fallure to observe a a receptor protein in the rat and mouse.

As a result we spent a great deal of effort to prepare radioactive 1,25-(0H),D

of very high specific activity.. Using 23,24 acetylenic derivative of 25-hydroxy-
cholesterol i-ether, we have in a series of reactions 1nvolv1ng catalytic
reduction of the 23,24 positions obtained a 1,25-(0H),-[23,24- 3H]D34of a specific
activity of 80 Cl/mmole, which should now make fea51bie autoradiogfaphy, micro-
autoradiography and subcellular experlments with ph{ilologlcal doses. Further-
more, binding studies will now be possible with 10 M 3H- 1,25- (0H)2D3 We are
hopeful that a breakthrough should now be possible in the mechanism of~action of
the 1,25~ (OH)2 3 using this tool. -



In a continuing effort to elucidate the mechanism whereby'l,25—(OH)2D

- will stimulate intestinal calcium transport, the brush borders have been
-isolated from chick intestinal mucosa, solubilized by butanol extraction and
then separated by disc gel electrophoresis utilizing sodium dodecyl sulfate
gels. Using this technique it has been possible to demonstrate that vitamin D-
- deficient brush borders contain a protein with a molecular weight of 200,000,
which disappears following treatment with 1,25-(O0H) D3 and instead there appears
a protein of molecular weight 230,000. This change”oCcurs at the same time
intestinal calcium transport is initiated. Work has continued on the isolation
of these two proteins. The 200,000 molecular weight protein has some alkaline

" phosphatase activity, but no calcium .dependent adenosine triphosphatase act1v1ty

and no ability to bind calecium. The 230,000 molecular weight protein binds
calcium and has calcium dependent adenosine triphosphatase activity. The time
course of appearance of this substance suggests that it may.well play an
1mportant role in 1ntest1nal calcium transport in response to 1,25- (OH)2 3

C. Analogs and Metabolites of 1,25—(0}1)223

Following the demonstration that 1,25-(0H).D, is the metabolically active
form of vitamin D, in the intestine, work has bégun to prepare analogs of
1,25-(0H) D, to learn about the relationship between the structure of the '
1,25-(0H) D, molecule and its role in intestinal calcium transport. Much of
the earlier work carried out on analogs of vitamin D must be disregarded
inasmuch as discrimination against an analog may have been at the level of
25-hydroxylation or l-hydroxylation. In any case the following synthetic analogs
have been prepared and the testing has been carried out under the present contract.
One of the most important analogs of 1,25-(0H),D, is la-OH-D This substance,
which lacks the 25-hydroxyl, is almost as active as 1,25+ (OH§ D in stimulating
intestinal calcium transport in the chick and about one-half as actlve in the rat.

. The possibility, however, exists. that this compound is- hydroxylated on carbon 25
in vivo before it functions. To learn more about this, tritiated la-OH-D, has
"been prepared. It is now clear that the la-OH-D, is converted to 1,25- (oﬁ) D
" before it functions in stimulating intestine and bone. - However, it is not absolutely
certain that la-OH-D, cannot function directly without 25-hydroxylation. Analogs
which cannot be 25- hydroxylated have been planned to answer this question. The
3-deoxy-1a~-0H-D, has been synthesized and is found to be active.on intestinal
calcium transpoft. This result demonstrates that once the la-hydroxyl group is in
position, the 3-hydroxyl is no longer necessary to support intestinal calcium
transport. However, the critical compound, 3-deoxy-la,25- (OH)2 3 has not yet
been produced and is being synthesized at the present tlme :

- The synthesis of some analogs of 1,25- (OH)2 3 has been completed. They
include 5,6-trans-vitamin D,, 5,6-trans-25-OH-D 26-nor-25-0H-D 5,6-trans-
26~nor-25-0H-D 26,27-bisndr-25-0H-D 5,6~ trans 26,27-bisnor- 2§ OH-D.,, 24-nor-

5,6-trans-25- oﬁ- and 24-nor-1,25- (Oﬁ) D In addition, the 22-27- pentanor—
1,25-(0H) ,D, has also been synthesized. g detailed study of their intestinal
calcium tTansport activity has led to the. conclusion that an intact and extended
side chain is necessary for optimal intestinal calcium transport activity. Even
the omission of a single carbon markedly reduces intestinal calcium transport
activity. The 24-nor-1,25-(0H). D has about 1/1000 the activity of 1,25-(0H).D
On the other hand the 22-27- penganor 1,25~ (OH) is totally devoid of intest nal



calcium transport activity. It is, therefore, clear at this stage that a
1-hydroxyl and a full side chain is necessary for intestinal calcium transport
activity, whereas the 3-hydroxyl is not necessary once the 1-hydroxyl is in
position. . Even slight modification of the side chain brings about drastic
reduction in intestinal calcium transport activity of 1,25—(OH)2D3.

The importance of the 24-hydroxyl position on the vitamin D molecule has
been investigated. Two stereoisomers of the 24-hydroxyl are possible (24R and
24S). 'We have shown the R configuration to be the natural configuration. An
examination of the effect of the isomers on calcium transport has revealed the
‘R isomer of either 24-OH-D, or 24,25-(0H).D, to be much more active than the S
isomer in both rats and chicks. Both isofefs require l-hydroxylation for activity
since they produce no response in nephrectomized animals. The S and R isomers
of 1,24,25-(0H)_.D., on the other hand .are equal in activity on intestine. It,
therefore, appear$ that the discrimination between isomers is at the l—hydroxyla—
tion site. ‘

In chicks especially the 24-hydroxylated compounds are much less active

_ than the corresponding non-24-hydroxylated analogs. Furthermore, 1,25-(0H) D3
actually induces the 24-hydroxylase. and 1,25-(0H) D, serves as an excellent
substrate for the 24-hydroxylase. A study of metabolism of the 24-hydroxylated
vitamin D compounds has revealed them to be much more rapidly metabolized than
their non-24-hydroxylated counterparts. It, therefore, appears that 24-
hydroxylation is the first metabolic alteration leading to inactivation and
excretion of both 1,25—(OH)2D3,and 25—OH-D3.

. The potency of vitamin D, metabolites and analogs on intestinal calcium

' transport has been determined in the chick which discriminates against vitamin D2.
la~0OH-D,, 1,25-(0H) D and 25-0OH-D, have been tested as compared to their

vitamin D analogs. %n rats, both " the vitamin D, and D, compounds are equally
active. owever, in the chick, the vitamin D, compounds are all 1/10 as active
as the vitamin D, compounds and are metaboliz&d and excreted much more rapidly.
It, therefore, appears that chicks discriminate against vitamin D2 compounds by
rapld inactivation and excretion. -

. D. An Active Calcium Transport Substance from the Plant Solanum Malacoxylon

A plant in ‘South America which produces menastatic calcification in grazing
cattle has been studied in regard to intestinal calcium transport. An extract
of these dried plantshas been made and in agreement with work carried out in the
field, has been shown to contain marked intestinal calcium transport activity.
Solanum malacoxylon water extract stimulates intestinal calcium absorptien in
vitamin D-deficient rats and furthermore this stimulation occurs in nephrectom—
ized animals, which suggests that it can substitute for 1,25-(0H) D However,
unlike 1,25-(0H), D, the plant extract cannot stimulate the mobilization of
calcium from boné ~but can ‘stimulate the elevation of serum inorganic phosphate
and the cure of rickets in rats. This compound nevertheless represents a
substance of marked interest in view of its effect in stimulating intestinal
calcium transport. The extract has been subjected to silicic acid column
chromatography, Sephadex chromatography and thin-layer chromatography. The active
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principle has been greatly purified and has a molecular weight in the neighborhood
of 2,000-2,500. It is acid labile and alkaline stable. It can be acetylated and
made lipid soluble for purification.  Work is now in progress on continued
purification with the ultimate aim of isolation and identification.

E. Intestinal Phosphate Transport

As a corollary to intestinal calcium transport, intestinal phosphate
transport has been studied in response to vitamin D,. In work carried out in
other laboratories it has been shown that vitamin D activates an intestinal
phosphate transport mechanism in the jejenum and the ileum. This transport
‘mechanism- requlres metabolic energy and is supported by glucose and sodium .ions.
Sodium ions are required for the uptake of the phosphate rather than the
extrusion into the serosal fluid as has been shown to be the case_for intestinal
calcium transport. The intestinal phosphate transport mechanism ‘can be stimulated
by 25-0H-D, and by 1,25-(0H).D,.  Nephrectomy prevents the response to 25-OH-D, but
not to 1, 2% (OH) ,D,. Since phdsphate deprivation and hypophosphatemia stimulates
1,25~ (OH) oD bioSyAthesis and this compound also stimulates intestinal phosphate
transport %hls substance must also be regarded as a hormone involved in phosphate
- mobilization as well as calcium mobilization.

F. Absorption of Environmental Pollutants: Tead Ions

Studies have been initiated on the mechanism and control of lead absorption
from the gastrointestinal tract. Twd techniques have been developed which
promise to yield important new information. An in vitro everted sac technique
has -been developed which shows linear transport of lead 210 for at least 1 hour’
into the serosal fluid medium. An in vivo technique which measures the
disappearance of lead 210 from the entire gastrointestinal tract has been
developed. Using these techniques we have demonstrated that the major site of
lead absorption is the distal small intestine or ileum. This process is
stimulated by vitamin D and the presence of calcium in the absorption fluid
interferes with or reduces lead absorption. These techniques will permit a
thorough investigation of dietary and endocrine factors which may 1nfluence lead
absorption.

' II. PLANS FOR CONTINUATION OF THE PRESENT OBJECTIVES AND POSSIBLE NEW OBJECTIVES
©IN CONSIDERATION OF PAST RESULTS '

In general, past results and new developments which have occurred in the
field will not alter the general aim of the contract, namely to elucidate the
molecular mechanism of intestinal calcium transport. Many new developments in
the area of vitamin D metabolism and function have made the prospects for
‘realization of the aims much greater than before. The realization that 1,25-
‘(OH)ZD works directly on the intestine has greatly simplified the task of
studying the mechanism of intestinal calcium transport. In addition, much new
chemistry has become available in the synthesis of active analogs of vitamin D
which have provided an important new tool for the synthesis of highly radioactive
25—0H—D3 and hence highly radioactive 1325—(OH)2D3 which will permit for the first



time a clear investigation into the subcellular location of the active form of
vitamin D in the intestine and its possible combination with receptor proteins
in cytosol and the nucleus. The synthesis of the 3H-1,25-(0H) D, has already
been accomplished. In addition, the development of high pressiiré liquid
chromatography system has provided the most powerful resolution of all the
metabolites of vitamin D. which allows assignment of unambiguous structures to
radiocactive peaks. Flnaily, the discovery of proteins in the brush border which
are altered in response to 1,25-(0H) D has opened an entire new approach to
understandlng the mechanism whereby caic1um is transported across the small
intestine, It is primarily using these tools that the mechanism of calcium
transport will be investigated. In keeping with the general aims of the agency,
‘we will also examine the possibility that lead, strontium, barium, and cadmium
may be absorbed in a manner similar to calcium or perhaps are absorbed by
identical carriers which transport calcium. An understanding of how these
compounds are absorbed would aid greatly in prevention of toxicity or would
help in suggesting methods of coping with patients once toxicity has been
determined. Furthermore, the synthesis of an ant1 1,25- (OH)2D3 may .provide a
tool for counteractlng lead p01son1ng

III. GRADUATE STUDENTS TRAINED, DEGREES GRANTED AND POSTDOCTORAL .TENURES

The following .students have been trained at least in part under the
present contract: :

Graduate Students

Chen, Tai, C. (7/1/72- 12/31/72)
‘Frolik, Charles A.. (1/1/73-5/31/73)

Knutson, Joyce C. - (9/1/72-12/31/72)

Postdoctoral Tenures

Chu, John R. (10/1/75-12/31/75)
‘Kream,‘Barbara (4/1/75 5/31/75)
Moriuchi;‘Sachiko (9/1/73- 12/31/73)
lNapoli,-Joseph (4/15/75—4/30/75)

Reynolds, Robert D.  (11/1/73-2/15/75)
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V. Status of Knowledge of Intestinal Calcium Absorption, the Role of Vitamin D,
Parathyroid Hormone, and General Aims of the Proposal

The major thrust of this contract is to determine the molecular mechanism of
intestinal calcium transport in the lntestlne, to determine what factors control
the transport and does this transport reaction accommodate any of the environmental
pollutants to which man is now exposed. There are many factors which are known to
markedly influence intestinal calcium absorption. The most notable, of course, is
the vitamin D status. It has long been known that vitamin D plays a central role in
intestinal calcium absorption. This was defined'primarily through the work of
Nicolaysen and his ‘collaborators during the 1930-1950 era (1). Additional work by
Migicovsky and Nielson (2) and Harrison and Harrison (3) helped place this phenomenon

. on a firmer base at the physiologic level. It was Schachter and his coworkers,

however, that provided the first important breakthrough in our understanding of the
mechanism whereby calcium is transvorted across the small intestine (4). Utilizing
the everted intestinal sac method orlglnallv devised for glucose transport by Wilson

.and Wiseman (5), Schachter and Rosen first showed that calcium is Lransported

actively against a concentration gradient and that this system was in' some way
activated by vitamin D. Schachter and collaborators extended their observations to
show that this system could be used ds a method of assay for vitamin D biological
activity (6). They furthermore provided evidence that vitamin D activates not only

.the uptake of calcium from the brush border surface, but also the extrusion of

calcium into the serosal fluid (7). Uarrison and Harrison also studied the intestinal
calcium transport mechanism by the everted sac technique and in addition to the
observations of Schachter and colleagues provided evidence that vitamin D changes the
permeability of the intestinal mucosdal membrane and suggested that the active transport
portion of the nrocess was not vitamin D dcpendenL (8, 9). This question has not

been totally resolved and probably will not be resolved until the mechanism whereby.

"intestinal calcium transport is delineated at the molecular level. Wasserman and

his colleagues (10) and Schachter (11) were the first to show that calcium is transported
against an electrical gradient as well as a chemical gradient. Furthermore, using

in vivo techniques, Wasserman and Kallfelz (12) were able to show that vitamin D
stimulates the transfer of calcium not only from mucosal to serosal but also from

serosal to mucosal surfaces.  However, the rate constant for the mucosal to serosal
surface is very much larger than the reverse direction. Wasserman and Taylor (13)
reported that sodium is not required for intestinal calcium transport. This, however,
was disproved by the work of Martin and DeLuca (14) and by Harrison and Harrison (15)

" in which a clear requirement for sodium in the process could be demonstrated. The
"sodium ions, however, in contrast to ‘amino acid and glucose transport ac required

for the extrusion.of calcium across the basal membrane sutface (16). The question
of whether vitamin 1 plays a role at the brush border surface as well as the basal
surface has come under scrutiny and is not settled. Schachter and his colleagues
have provided evidence based on 15 minute incubatien periods that both processes are
affected by vitamin D (7). On the other hand, Martin and DeLuca (16) demonstrated
that the uptake of calcium from the brush border surface is affected by vitamin D
and probably not the basal membrane handling of calcium. The fact that the brush
border surface is affected has beer supported by the work of Walling and Rothman in
which very short time periods of incubation illustrate that the 1n1t1al uptake of
c3101um by the brush borders is influenced by vitamin D (17).
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One of the most important breakthroughs in our understanding of intestinal
calcium transport has been the discovery of a calcium binding protein in the intestine
in response to vitamin D treatment (18). A great deal of work has been carried out
on this important substance in the laboratory of Wasserman and his colleagues defining
the characteristics of the protein and the kinetics of its appearance (19-21). In
the chick this protein has a molecular weight of approximately 24,000 and it binds
four calcium ions per mole of protein. In the rat and other mammals, the protein
that binds calcium and which appears in response to vitamin D has-a molecular weight
of between 8,000-12,000 (21, 22). Exactly how the calcium binding protein participates
in intestinal calcium transport has not been settled. It is also possible that ‘the
calcium binding orotein does not participate in the transport process but may. represent
an ancillary substance responsible for concentrating the calcium at the brush border
surface. Taylor and Wasserman (23) have shown that the primary source of calcium
binding protein in the intestine appears ‘to be the goblet cell with localizations
observed along the brush border surface of the villus cell. In general calcium
transport correlates quite well with the level of calcium binding protein under a
- variety of circumstances (19, 24-27). However, there have been disturbing points
where there is no quantitative relationship between the level of calcium binding
protein and intestinal calcium transport level. For example, there is no real
quantitative relationship between the appearance of calcium binding protein and the
level of calcium transport in response to a single dose of vitamin D (25, 28). 'In the
case of 1,25-(0M), D, chicks respond by showing the calcium binding protein and '

“lucreased intestinal calcium absorption. However, when the intestinal calcium
transport is allowed to decay to predosage levels, the calcium binding protein
‘remains high (21). 1In addition there have been reports whereby cortisone depresses

intestinal calcium transport but increases the calcium binding protein,levél (29, 30).
. Therefore, intestinal calcium transport and calcium binding protein levels in the

small intestine cannot be equated until transport is more fully delineated.

During the past several years it has been clearly established that vitamin D
must be metabolically altered in the liver to 25-OH-D, and subsequently in the kigney
to 1,25—(OH)2D before it can function in the small ihtestine at physiological doses
(31, 32). Evigence has been presented which convincingly demonstrates that 1,25—(OH)2D3
is the metabolically active form in this system (33-36). It is clear that for future
investigation it is the 1,25—(OH)'D‘ which must be used in order to understand the
molecular mechanisms which are re§ponsible for responses to vitamin D in intestinal
calcium transport. It, therefore, becomes important to determine what is the nature of
the responses:- to 1,25—(OH) D. in the small intestine.. There is -disagrcement as to
whether. the 1,25-(0H),.D., stimulation of intestinal calcium transport is prevented by
the prior treatment with actinomycin D. Although actinomycin D will block in vats
the resnonse of the intestine to vitamin D., the same dose of actinomycin D given one
or two hours prior -to 1,25-(01).D, will not block.this response (37, 38). On the
other hand, Norman and his colléajues have reported that dosage of actinomycin D
every two hours prior to and during treatment with 1,25-(0H),D, to chicks will prevent
their intestinal calcium transpoft response- (39). In our hands this treatment :
results in chicks which are near death and it is not surprising that their intestines
do not respond under this circumstance. It is, therefore, not entirely clear whether
1,25—(OH)2D3-functions in the young growing animal by derepression or by the induction



of a calcium transport substance. <Corradino has developed an intestinal organ
culture system in which metabolites of vitamin D can be added and the stimulation

-of calcium binding orotein appearance can be observed (40, 41). Under these

circumstonbes 1;25-(0H) D, is the most active substance known, although some
activity is observed with”25-0H-D., la-OH-D. and vitamin D, itself (42). These

_responses are all blocked by the addition &f a-aminitin afd actinomycin D which

suggests in the embryonic irtestine that an induction process is required for the
appearance of the calcium binding protein. The relationshio, however, of these
studles to intestinal calcium transport responses in .a vitamin D- def1c1ent animal
is not entirely clear.

Haussler and his colleagues have championed the idea that 1,25-(0H) D4
functions by interacting with-'a 3.0-3.5S macromolecule or receptor in 1n%est1nal
‘cytosol which undergoes change as it enters the nucleus to become a larger protein
and that this protein functions by binding to chromatin and unmasking genes which

-code for calcium transport protein (43-45). Haussler and his colleagues have

shown that incubation of radioactive 1,25-(0H),D, with cytosol will bring about the
transfer of the radioactivity into 1solated chfomatin. This has been used as a method
of assay for 1,25-(0H) D (46, 47). Lawson and colleagues in Great Britain have isolated

. polysomes from the 1nLesL1nes of chicks either given vitamin D or not given

vitamin D and studied their ability to synthesize calcium binding protein in
vitro from radioactive amino acids and using calcium binding protein antibody to-
isolate the synthesized protein (48, 49). They have shown that polysomes from
vitamin D-treated animals 'synthesize the calcium binding proteln while those from
vitamin D-deficient animals do not. Although this represents an interesting
experiment it does not constitute proof that 1,25-(0H)_ D, functions in intestinal
calcium transport by unmasking genes. which code for ca%c1um binding protein.

Experiments in the rat have not supported either the receptor hypothesis or the
calcium binding protein synthesis experiments of Lawson. Tor example, Drescher

“and Deluca. (50) dttempted to show de novo synthesis of calcium binding protein by

the injection of radioactive amino acids at the time that the intestine was

A responding to various forms of vitamin D. However, they detected no incorporation
_of radiocactive amino acids into the calcium binding protein. Similar work’ has been
. reported by Bruns and Avioli (51) again casting doubt on the idea that the active

form of vitamin D brings about the rise in intestinal calcium transport by stimulating
calcium binding protein biosynthesis de novo.  On the other hand, MacGregor and his
colleagues have been able to show incorporation of amino acids into the chick calcium

-binding protein in response to vitamin D (52). However, they found it necessary

to maintain chicks on a level of vitamin D in order to observe such incorporation.
It is very possible that their experiments merely shoy that calcium binding protein

turnover is preater in animals given vitamin D than in those that are maintained on

marginal amounts of vitamin D... The question then of the molecular mechanism whereby
1,25-(01) D, stimulates intestinal calcium transport remains open. The approach being
used in this laboratory is to examine the characteristics of the brush border membrane
to determihe what changes are taking place at the time intestinal calcium transport is
initiated. Initially we are examining the proteins which can be separated by -disc '
gel electrophoresis. - So far we have discovered two proteins or macromolecular
components which are altered following 1,25-(0H),D, administration. Ve intend to
continue this .approach and to isolate and study thé proteins which appear altered or



- 18 -

+ proteins which appear in response to the 1,25—(OH)2D inasmuch as it seems that
there is universal. agreement that at least one site 0f vitamin D alteration in .the
mucosal cells is at the brush border surface. Furthermore, a considerable amount
of work will be expended in studying the subcellular location of l,25~(OH)2D
and the way in which it progresses from the.plasma through the cytosol or enao—
‘plasmic reticulum to its primary subcellular location. In general a great deal of
work is planned in the area of the receptor proteins for 1,25-(0H)_D,, if there
are any, and whether they function in the manner suggested for othér steroid

"hormones.

Another important area of investigation is the regulation of intestinal
calcium transport by agents other than vitamin D. Agents such as cortisone, high
dietary calcium, high dietary strontium, dietary barium, low dietary phosphate and
dietary lead are known to influence intestinal calcium transport. It has long
been known that animals fed a low calcium diet show marked elevations in efficiency
.of intestihal calcium absorption whereas those on a high calcium diet show low
efficiencies (53). TFurthermore, there is a relationship between the need for
calcium in the skeleton and the efficiency of intestinal calcium transport which
lead to the suggestion by Nicolaysen of the existence of an endogenous factor
which would inform the intestine of the skeletal needs for calcium. With the
realization that 1,25-(0H) D3 is the active form of the vitamin in the intestine
came the hypothesis that t%is substance might represent the endogenous factor (54,
55). Boyle et al. demonstrated that animals on a low calcium diet have marked
ability to synthesize 1,25-(OH),D, in vivo whereas those on a high calcium diet
have a markedly reduced ability " td make this metabolite. In vitamin D-deficient
animals, 1,25-(0H),D, is synthesized regardless of the level of calcium in the
dict. Omdahl and DeLuca have demonstrated that chicks maintained on 1,25-(OH) D3
from exogenous sources show markedly efficient intestinal calcium absorption
independent of dietary calcium whereas the same animals maintained on 25-OH-D, as
their source of wvitamin D show the expected adapntation to dietary calcium (389; In
extensive work carried out under the present contract Ribovich and DeLuca
(56, 57) have demonstrated that 1,25-(0HM).D. eliminates the ability of the rat te

- adapt to dietary calcium levels. All rats tegardless of .dietary levels of calcium
show markedly efficient intestinal calcium absorption when given 1,25-(0H) D, .
In contrast, when given 25-0OH-D, or vitamin D.; the intestinal adaptation EOBdietary
calcium is observed. It scems %ikely that 1,%5—(OH) D, represents the endogenous
factor at least as far as the intestine is concerned. ~

Strontium in the diet is known to inhibit intestinal calcium absorption and
produce a vitamin D-resistant rickets as shown by Wasserman and his colleagues

Omdahl and DeLuca were able to show that this was due to an inhibition of
1,25-(0l) . D, production as measured by both in vivo and in vitro techniques (60, 61).
Furthermore; the inhibition of intestinal calcium absorption by strontium feeding
could be eliminated by the administration of 1,25-(OH),D., from exogenous sources.
Similar experiments have been carried out with ethane—f—%ydroxy—l,l—diphosphonate
-in which reduced intestinal calcium transport is brought about by the administration
of this diphosphonate at a level of 10 mg/kg to 40 mg/kg (62, 63). Administration
“of ekogenous 1,25-(0H)-D in this case will overcome the reduced intestinal calcium
absorption brought about™by the diphosphonate. In vitro experiments with chicks
given the diphosphonate have shown that in fact the 25-0H-D,-la-hydroxvlase is
essentially shut-off by the administration of the diphosphonate (63-65). The



exact nature of this inhibition is not entirely settled although preliminary

. results suggest that it is an interference with parathyroid hormone secretion

or function or at least a systemic effect. Work by Hill et al. (65) has shown
that rachitic rats given diphosphonate will respond quite well to a single dose

- of vitamin D, but follow1ng the initial dose a second dose of vitamin D

produces no fesponse in the diphosphonate- treated animals. This suggesés that
vitamin D, is necessary to condition the animal to a response to the diphosphonate.
: Unfortunagely, work in our laboratory has failed to confirm these findings and in
‘fact one can demonstrate that diphosphonate given to vitamin D-deficient rats and
chicks will shut off the 25-OH-D,-la-hydroxylase (63, Baxter and DeLuca,
unpublished results). The reason for the discrepancy between results from the

two groups is unknown at the present time. ‘ ’

Because the need for ca1c1um stimulates synthe51s of 1,25-(0H) D an examin-
ation of the relationship between serum calcium .concentration and syn%he51s of
-1,25-(0H) ,D,, in rats and in chicks has been carried out in this laboratory (54, 55,
66). Hypbcalcemia brings about an increased synthesis of 1,25-(0H), D, whereas
normal to hypercalcemia will shut off the synthesis of this metabolite. 'This led
to the concept that parathyroid gland might be monitoring the serum calcium concen-
- tration and secreting parathyroid hormone in response to hypocalcemia. 'This in
“turn would stimulate 1,25-(0H),D, production. Experiments in the rat have shown
. that in fact parathyroidectomy“eliminates the ability of animals on a low calcium
~diet to make 1,25-(OH).D. (67). This ability is restored by the administration of
exogenous sources of parathyroid hormone. Additionally, mitochondria isolated
from chicks given injections of parathyroid hormone show a marked elevation in
. the 25-0H-D,-la-hydroxylase as measured in vitro (68). It, therefore, seems clear
than an. impdrtant role of the parathyr01d hormone is the stlmulatlon of
1,25-(0H) ,D., synthesis. It seems possible, therefore, that the role of parathyroid
hormone ifi intestinal calcium transport is entirely mediated by the stimulation of
1,25-(0H) D3. Experiments carried out by Garabedian et al. (69) show that the
intestinal calcium transport response to 1,25-(0H), D, does not require the presence
~of parathyroid hormone whereas its effect on bone calcium mobilization does.
Therefore, it is clear that reduced intestinal calcium transport in the hypoparathyroid
state is due to a lack of 1,25-(0H),D, synthesis. The administration of exogenous
1,25-(0H) D, restores 1ntest1nal caléium transport levels to normal in para-
'thyr01dec%omlzed rats (69) and in’ hypoparathyroid patlents (70, 71).

Carlsson‘(72) first discovered that phosphate deprlvatlon markedly stimulates
intestinal calcium absorption. This work was confirmed by the work of Morrissey
- and Wasserman (27) and later by the work. of Tanaka et al. (73). Tanaka and DeLuca, -
however, demonstrated that the increased intestinal calcium transport brought about
by phosphate deprivation correlates very well with the accumulation of 1,25-(oH) D
in the intestine. Furthermore, Tanaka and DeLuca (74) have been able to show that
extreme hypophosphatemia will stimulate 1,25-(OH) Dy production even without the
presence of the parathyroid hormone. However, R1%0v1ch and DeLuca (56, 57) have
found that rats maintained on 1,25-(OH)_D. from exogenous sources will nevertheless
show a marked elevation in intestinal c&dl€ium tramsport under conditions of
phosphate deprivation, suggesting that some other factor is involved in the hypo-
phosphatemic stimulation of intestinal calcium absorption. A similar conclusion was



- 20 -

" reached by Wasserman and colleagues using an analog of 1;25—(0H) D,, namely
dihydrotachysterol, (75). Work will continue on the mechanism whefreby hypo-
phosphatemia stlmuiates intestinal calcium absorption in 1,25- (OH)2 3 ~treated
animals. Attention will be focused on the metabolism of 1,25-(0H).D) in
hypophosphatemic versus normal phosphatemic animals and in addition a possible
phosphate shut down of intestinal transport in vitro will be studled as a

possible mechanism.

- There has been very little attention paid to the idea that lead is transported
‘by a mechanism similar to those used for calcium. The incidence of lead poisoning
remains as a major problem, especially among children in old and substandard
housing. Information which might be helpful in excluding lead from being absorbed
-is needed. Although this author is not familiar with the massive literature
relating to lead toxicity and lead metabolism, we hope to examine the mechanism.of
"lead absorption as to whether it is related to the calcium transport system and.
whether it is activated by vitamin D. Thus the methodology used in studying
intestinal calcium transport by everted sacs, in situ loops and in different
segments- of the small intestine will be used. Hopefully some insight into the
conditions under which lead absorption is favored or conditions under which it is
not, will be useful in prevention and treatment of chronic. lead toxicity.

With the realization that 1,25-(OH),.D. is the metabolically active form in
the intestine has come renewed interest In the structural requirements for the
vitamin D molecule in the initiation of intestinal calcium transport. The first
analog of major importance to be synthesized is the la-OH-D (76), which was
prepared in the synthetic exercise prior to the synthesis o% 1,25-(0H) oD This
compound was found to approach 1,25-(0H) ,D, in its activity in the stlmu%atlon of
intestinal calcium transport (76, 77), bit~it is unknown at the present time whether
this substance acts directly without 25-hydroxylation or whether it undergoes
25-hydroxylation prior to function (76, 78). With the synthesis of'[6a—3H]—loz-OH—D3
this question has been largely resolved. It is now quite clear in both chicks and
rats that the la-0H-D, is converted to 1,25-(0H),D. long before the initiation of
intestinal calcium transport (79, 80, 81). This cOnversion occurs in the livers of
mammals (81) and in both liver and intestine of birds (81). However, the possible
direct action of la-OH-D, in intestine cannot be completely excluded and experiments
w1th analogs which canno% be 25-hydroxylated are needed.

A The synthesis of 3-deoxy-la-OH-D, has been completed and it has been found to
be active on intestinal calcium transport (82 83). Thus the 3-hydroxyl is no
longer necessary in vitamin D compounds possessing the la-hydroxyl group. Kaneko
(personal communlcatlon) has prepared 2a-(OH) D and la,28- (OH)2D3 and has shown
them to be inactive in the stimulation of 1ntes%1nal calcium tranSport. At the
present time, therefore, evidence is clear that the l-hydroxyl of ring A is required
whereas the 3-hydroxyl is not required .and further modification of the molecule by
hydroxylation on carbon 2 results in inactivation of the molecule. A determination
of the effect of side chain modification has also been carried out and briefly one
can state that appreciable shortening of the side chain or elimination of many of




the carbons of the side chain results in complete elimination of intestinal calcium
- transport -activity. It can, therefore, at this stage be said that an intact side
chain, a l-hydroxyl, a 5,6-cistriene system are all required for intestinal calcium
transport whereas a 3-hydroxyl is not required once the vitamin D molecule has a
la-hydroxyl group. However, much remains to be learned regarding the structural -
requirements for stimulation of intestinal calcium transport .and furthermore these
_ compounds will be of great use in elucidating the correct receptor molecules which
mediate the intestinal calcium transport function. Under separate support we are
planning to synthesize the 3-deoxy-1,25-(OH) D4 the 25-aza-la-OH-D,, the 25=
fluoro-la-OH-D, and 25-methoxy-la-OH-D, and %he l-methoxy and 1- fluoro 25-0H-D
Under this congract these compounds w1il be tested for their biological activ1%y
.not only in stimulating intestinal calcium transport, but as a possible anti-
1,25-(0H) D Note that the 25- -aza, 25-fluoro and 25-methoxy compounds will reveal
whether a 2§ -hydroxyl group is essential for calcium transport since they cannot.

be hydroxylated in this position. o

In South America a disease among grazing cattle has been noted in certain
seasons in which the animals consume the plant Solanum malacoxylon (84). Scientists
in Argentina and Brasil and elsewhere have shown that this substance increases
intestinal calcium absorption, causes hypercalcemia and soft tissue mineralization
(84). 1In this laboratory and in the laboratory of Wasserman, it has been shown that-
the Solanum malacoxylon extracts stimulate intestinal calcium absorption in vitamin
D-deficient rats and chicks and furthermore nephrectomy does not prevent the response
to the Solanum malacoxylon (84-86). Wasserman and his colleagues have shown that
this substance stimulates the appearance of calcium binding protein, both in vivo
and in vitro in the organ culture systems and they have suggested that this substance
represents- a plant. source of 1,25-(0H) D (85, 87). 1In this laboratory it has been
" shown that although the Solanum malacogyion stimulates intestinal calcium absorption,
it does not stimulate the mobilization of calcium from bone in vitamin D-deficient
animals, suggesting that it is nét 1,25-(0H),D. (86). However, there is disagreement
on the bone mobilization point (84, 86). Work has. already been started on the
isolation of this substance and its chemical identification. Wasserman has recently
reported on the purification of the material, but so far it has not been identified.
It is proposed that work will continue on the isolation and identification of the
active principle in the Solanum malacoxylon extract. In addition, further work
will be carried out on the possible relationship of this compound or substance to
the well known functions of vitamin D in phosphate metabolism and in mineralization
of bone. :

Although attention has focused almost exclusively on the role of vitamin D
in calcium metabolism, more recently attention has become focused also on the role of
vitamin D in phosphate metabolism (88). Harrison and Harrison (89) first demonstrated
that vitamin D stimulates the transport of phosphate in the distal small intestine.
Although they could not exclude the possibility that it was related to vitamin D
activation of calcium transport, more recent work by Kowarski and Schachter (90)
and by Wasserman and Taylor (91) has shown in fact that the phosphate transport
system is unrelated to the calcium transport system responsive to vitamin D. This
has been confirmed by work in our laboratory which has shown that the phosphate
transport system in the ileum and jejenum is not stimulated by the addition of
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-calcium (92).. Taylor (93) has shown quite clearly that the sodium ions function

in the initial uptake of phosphate rather than its extrusion across the basal

. membrane. In our laboratory we have demonstrated that 1,25-(OH) D, and 25—OH—'D3
stimulate intestinal phosphate transport and that nephrectomy elIminates the
response to the 25-OH-D, illustrating that the 1,25-(0H),D., compound is probably

the active form (92). Buring‘the proposed tenure of the coOntract we expect to do
considerable work on the phosphate transport mechanism to delineate as.far as
possible .the nature of the transport process and to démonstrate conclusively that it
is independent or unlike calcium transport system responsive to vitamin D. We

- would further like to determine more fully the nature of the process, the

.- requirements and inhibitors.

Methods of Procedure

The proposed projects thch will be worked onAduring the next contract
period are listed according to their priority.

1. Synthe51s of High Specific Act1v1ty 3H 1,25-(0H) DQ and Its Subcellular
Location 1n Intestine

, Durlng the present contract period we have successfully prepared 1,25-(0H) -
[23,24-3H]D having a specific activity of 80 Ci/mmole - approximately 10 times
more radioactive than previous preparations. We have already begun to carry out
autoradiography of frozen sections of intestinal mucosa from rats and chicks
given 25-250 ng of the 3H,—l,25—(OH)‘D intravenously 6 hours before they were
sacrificed. We will immediately remoVe intestinal mucosa, freeze it at liquid N
temperatures, section it in the cryostat, mount the sections and coat them with
photographic emulsion. At various times thereafter, the slides will be. developed
to reveal Ag grains and then the sections will be fixed and stained with hema-
toxyln- —eosinfor observation. If successful, a time course study of appearance in
the mucosa will be carried out. ,Hopefully we will be able to demonstrate the
cells which are labeled and determine whether the radioactivity is .in the nuclear
region. Besides our own autoradiography, we will collaborate with Dr. J. Les Matthews
‘at Baylor, who is ‘an expert in autoradiography and microautoradiography. We will
‘inject the vitamin D-deficient animals with the 34~ 1,25-(0H) D and at various
times thereafter the tissues will be removed and processed by gls specifications.
The fixed tissue will be sent to him for embedding, mounting, autoradiography and
microautoradiography. In _addition we plan to incubate mucosal cells from rachitic
rats-and chicks 'with the 3H—1,25—(OH) D, bound to plasma proteins taken from
appropriate rachitic animals and then carry out the radioautographic techniques.
Hopefully with the collaboration of Matthews and his group we will be able to
obtain in vivo evidence for the subcellular: location of the 1,25- (OH) 3

‘The top priority investigation will center upon the subcellular location of
tritium labeled 1,25-(0H),.D, and the mechanisms whereby the tritium labeled
1,25-(0H),D are'transpor% to these subcellular sites. In short, an investigation
- of the possibility that 1,25-(0H),D, functions like the steroid hormones through a
cytosolic receptor and nuclear receptor mechanism to activate transcription of -DNA
*  which codes for calcium transport proteins will be pursued further.



With the 80 Ci/mmole 3H—l,25+(OH) D we can also begin a much more intensive

- search of the subcellular location of- %he tritiated metabolite. Before we can
progress with the subcellular location, it will be necessary to devise methods
whereby pure nuclei can be obtained. The maJor problem in the standard subcellular
fractionation techniques is the presence of excessive amounts of mucous. However,
there are procedures in which crypt cells can be isolated as well as can the

villus cells (94-96). Furthermore, Dr. Patrick O'Doherty, an expert in this
Jechnique, is a postdoctoral fellow in our laboratory and will be with us for

at least one additional year. During this procedure the goblet cells are lost

and the villus and crypt cells can be independently isolated and washed. These
washed cells will then be used for subcellular fractionation. It is anticipated
that the mucous problem will be much less if not nonexistent in these preparations.
These could then be subjected to standard subcellular fractionation techniques

(97, 98) which should yield us information as to where the tritiated 1,25- (oH) D3
concentrates in the villus cells or in the crypt cells. We will then be able

"to isolate pure fractions from these cells to determine how much is truly associated
with a particular fraction, especially the nuclear-debris fraction. Techniques for
isolation of pure intestinal nuclei could then be applied using the methods
described by Lawson et-al (99) and by Blobel and Potter (100) and others. Certainly
one of these technlques “will allow us to determine the exact amount of tritiated
-1,25-(0H) ,D, found in the nuclei. We would then proceed with subfractionation

of the nuéldi if sufficient amounts of radioactive 1,25- (OH)ZD .are found in this
subcellular fraction. Chromatin will be isolated by the exaCt”procedure of
Marushige and Bonner (101) rather than by-modifications of this method which

give contaminated preparations (102-104). Procedures are also available for.
isolation of histones, acidic protelns and etc.

Brush borders will be 1solated by the procedure of Forstmer et al (104), which
has been found successful in our hands. Attempts will be made to isolate other cell
fractions as well. If a cell fraction shows remarkable accumulation of the 3H, it
will be fully characterlzed by marker enzymes and EM, the latter’ being available
to us in our department. Throughout these studies marker enzymes will be used
whenever possible. Also the 3H will be extracted and chromatographed on Sephadex
LH-20 and high pressure liquid chromatography to establish whether the. 3H remains as
1,25—(0H)2D3 or has been changed -to another compound.

2. .Possible Receptors for 1, 25—(0H) D,J in Intestinal Mucosa

: Independently of the above set of 1nvest1gat10ns, the tritiated 1,25-(OH),D
will be utilized in the study of the cytosolic and nuclear receptors, if they are
present. Rat and chick intestinal cytosol will be prepared and studied for their
ability to bind 1,25-(OH),D This will be done by incubation at 0° -of the cytosol
" with tritiated 1,25-(0H) for a period of between 1-7 hours. The cytosolic
mixture will then be subjeCted to density gradient centrifugation on sucrose -
gradlents as described by Jensen and his coworkers (105). The gradients will be
varied according to where the peaks of radioactivity sediment. Additionally, the
‘proteins which bind the 1,25—(0H)2D3 will be analyzed with Sephadex G-200 column
chromatography. So far we have found two macromolecular components of interest in
the intestine. A 6S macromolecular component has been found in the rat preparations



'if it is identical or changed from the receptor protein of the cytoso

which will bind 1,25-(0H),.D; (106, Knutson, Reynolds and DeLuca, unpublished
results). We have been ablé to exclude this as a receptor in the calcium transport

" system and since 1,25- (OH) D. is the active form, we will have to look further

in this species for a way In which the 1,25-(0H) D is transported to its
subcellular site of action. In the chlck we have %ound a 3.75 protein in agreement

‘with Haussler's work (43, 46), which binds 1,25- (CH) ,D In disagreement with

Haussler's work we have found that this protein or macromolecule when present
binds 1,25-(0H) ,D., exclusively and does not bind 25-OH-D Unfortunately, the
variability of it3 appearance in the mucosa from rachitid chlcks has hampered our
work with it. We have learned recently, however, that if great care is taken in
washing the intestine initially, reproducible amounts of this protein can be
obtained. We. propose to isolate this protein by Sephadex chromatography and by
ion exchange chromatography hopefully to homogeniety. We have also recently been
able to attach a hemisuccinate (at the 3-OH group) of 25-OH-D, to a sepharose
support which can now be used as an affinity column. Possibly an affinity column
will help in our isolation attempts. We intend then to incubate this protein

" component with purified intestinal nuclei (obtained as described above) to determine

if we can obtain a transfer into the nuclear fraction. If so we will try to
extract from these nuclei, protein within them that binds 1,25- (OH) D to determine
% We will,
of course, carry out experiments to determine whether the cytosolic protein or
macromolecule is necessary for the transfer of the.l,25-(0OH),D., into the nucleus.
However, if we learn by the subcéllular fractionation method”déscribed above that
the nucleus is not the major site of deposition of 1,25-(0OH),D,, we will attempt
to learn whether a cytosolic component plays a role in the transfer of l 25~ (OH)2D3
to whatever fraction accumulates the 1,25- (OH)2 3

<Ultimately‘we hope to isolate each of the 1,25-(0H),D, binding proteins'in

. pure form and by means of physical measurements determine their binding character-

istics, their molecular weight and how they interact in the transfer of the 1,25-

"(OH) ,D., in the intestinal cell. 'We will also try from time to time to determine by

in vivd saturation experiments whether these proteins play a role in vivo in the
transfer of the 1,25- compound. These saturation experiments are carried out in

- nephrectomized vitamin D-deficient rats as follows: inject into them.nonradioactive’

and saturating amounts of -either 1,25-(0H) D, or 25-OH-D ‘The subcellular component
which binds the 1,25-(OH) D. ‘will be 1solage3 and 1ncuba%ed with the,radloactlve
1,25-(0H) . D., to determine if the sites on that protein are saturated. This type of
approach %as already been used to exclude the 6S protein as playing a role in the
binding and transfer of 1,25- (OH)

It is possible that the cytosol plays no role in the transfer of 1,25- (OH)2D3

" to its ultimate sites. If we.succeed in isolating the villus cells, we will

attempt to incubate those cells with radioactive 1,25-(OH) D to determine a time’
course of what happens to the 1,25-(0OH)_D, as it progresses ghrough the cell by

both autoradiography of frozen sections”and subcellular fractionation techniques.

It is anticipated that work en subcellular fractionation and the receptor proteins
for the 1,25-(OH) D will consume much of our effort in the next three-year contract
period. '
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3. cIdentification and Isolation of Calcium Transport Components

A third and important area of investigation will be a study of the components

of the brush border of the small intestine as they are changed in response to
1,25-(0H) D The approach taken here will be to isolate the.brush borders from-

the 1ntes%1nal villi cells of rats -and chicks at various times following a single
intravenous injection of 1,25-(0H),D,. The isolated brush borders will be
‘solubilized by a variety of techniqués and subjected to disc gel electrophoresis

to determine what are the separable components that can be observed. The separable
components will be observed as a time course following 1,25-(OH) D, administration
and in relation to intestinal calcium transport. The.qualitative cChanges in the
profile will be taken as a possible change in the membrane which may play a role in
calcium transport. The components which are found changed in response to 1,25-(0H),D
will be isolated and studied for their activities such as calcium dependent ATPase,
alkaline phosphatase, calcium binding activity and whether they contain 1,25- (OH)2D3
. Furthermore, these components may be incubated with the fraction which flnally

.contains the 1,25-(0H)_.D., as determined in the previous section-to determine if
the in-vivo observed changes can be demonstrated in vitro. This approach would be of
great t value in attemptlng to reconstruct the cellular events in the 1,25- (0H)2D3
1nduced calcium transport process.

Finally, it will be determined whether actinomycin D prevents the changes in
- the protein profiles and agaln this will be correlated with the intestinal calcium
transport response under identical conditions. We will continue our work on the
isolation of the 200,000 molecular weight protein from the brush borders which is
found in vitamin D-deficient chicks. We will also isolate the 230,000 molecular
weight protein which appears within 6 hours following the administration of
1,25-(0OH) .D, to rachitic chicks. Ultimately it is hoped that these proteins will
be useful”in our understanding of the intestinal calcium transport mechanism.

I

4. The Chemical Synthesis and Testing-of Analogs 0f'1,25—(OH)zp_3

This project will be carried out in conJunctlon ‘with my NIH program-project
grant ‘on the fat-soluble vitamins. Under the NIH grant the compounds will be
synthesized, chemically characterized and prepared for biological.activity testing.
‘Under this contract the compounds will be tested for their biological activity.
There are two types of compounds which are currently considered of extreme
importance to our elucidation of the structure-function relationship between
1,25-(0H),D, and intestinal calcium transport. One of the most important questions
- to be answefed is whether la-OH-D., must be 25-hydroxylated before it can function.
The synthesis of tritiated la—OH—B has been completed but results with this-
‘compound have not been able to completely resolve this important question. The
reason is that small amounts of 1,25-(0OH) D appear quite rapidly following an
injection of tritiated la-QH-D,. Whether tgls is a sufficient amount of
1,25-(0H) D, to stimulate intestinal calcium transport is unknown. We, therefore,
propose t0 Synthesize analogs of 1,25-(0H),D., which are minus the 25-hydroxyl group
and which cannot be hydroxylated on the 257pdsition because of structural.
constraints. Thus we plan to synthesize the following compounds for this project:
25~aza~la-0H-D,, 25-methoxy-1la-OH-D., and 25-fluoro-la-OH-D,. These compounds
cannot be hydroxylated on carbon 25 and hence one can test whether they can stimulate
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intestinal calcium transport. If they can stimulate intestinal calcium transport,’
~one can safely conclude that 25-hydroxylation is not essential to stimulation

of intestinal calcium transport once the l-hydroxyl group is in position. The -
structures of the compounds which are proposed for synthesis are shown in-

Figure 1. The chemical synthesis will be carried out by well-known feasible
reactions shown in Figure 2. Following their synthesis, the response of intestinal
calcium transport in the rat measured by the everted sac: technique in vitro
commonly used in our laboratory, will .be studied. In addition, the isolated loop
method of measuring 1ntest1nal calcium absorptlon in the vitamin D- def1c1ent

chick will also be used (107).

-Two different types of bioassays will be run. One will be a time course of
response of intestine to a single dose of an analog as compared to a similar dose
. of .either 1,25-(0H).D., or la-OH-D.,. If there is a response then another type of
bioassay will be carried out in which daily injections of the compound will be
.given for a period of one week to vitamin D-deficient rats. At the end of the
week the level of intestinal calcium transport will be determined. A plot of

the log daily dose of analog versus the response will be constructed. We will,
therefore, try to arrive at the daily dose of analog that will maintain the same
intestinal calcium transport level as a known daily dose of la-OH-D,, 1,25-(OH) D4
or vitamin D, (108). Besides testing of intestinal calcium transport activity
another measurement will be made such as serum calcium elevation in rats main-
‘tained on a low calcium diet which is considered an in vivo measurement of bone
calcium mobilization (109). 1In addition the antirachitic calcification line test
for cure of rickets and the elevation of serum inorganic phosphorus level of rats
on a low phosphorus diet will be measured in response to the analog (108, 110).
These latter tests will be incidental to the calcium transport measurement,
however. In addition to these tests, the compounds will be supplied to

Dr. Owen Parkes of the University of British Columbia, Vancouver, British Columbia,
who will test them for activity in the embryonic intestinal culture system by
measurement  of immunoreactive calcium binding protein produced and by measurement
‘of intestinal calcium uptake. The test involves culturing embryonic intestine at
19 days of embryonic life, the addition of small amounts of metabolites or

" analogs and the measurement quantitatively of calcium binding protein produced

24 or "48 hours later. These measurements will give another assessment of the
biological activity of these compounds in the intestinal calcium absorption system.
With these assessments it may be possible then to decide on’ the necessity or

lack of necessity for the 25—hydroxylat10n to carry out intestinal calc1um
absorption.

Besides these compounds, another series of compounds will be made which’
hopefully will be anti-metabolites of vitamin D. We consider that blockage of
either the 25-hydroxyl group or the blockage of the l-hydroxyl position should
result in a form of vitamin D which will serve as an anti-1,25-(0H),D., compound
in the intestine. Thus we propose to synthesize l-methoxy or l—fluoro--ZS—OH—D3
and additionally 25-fluoro or 25-methoxy-la-OH-D,. We will test for anti-
intestinal calcium transport activity by the administration of increasing levels
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. of the compounds followed by a single injection of 65 pmoles of 1,25-(0H) D

and the measurement.of the extent of intestinal calcium transport by one o0f the -
. methods described above. Should one of these compounds block the response to
1,25-(0H) D, it would suggest that it may well serve as an anti-1,25- (OH)2D3 in
the intesfine. Similarly the compounds will be tested for anti-1,25-(0H) D3
activity in bone calcium mobilization and in the cure -of rickets in rats.

An anti-1,25-(0H) ,D., may be Very useful in medicine and of importance to the
agency. It may beé useful 1n inhibiting absorptlon of Pb, Sr, and other
environmental pollutants. '

5. The ISolation of the Active Principle from the Plant Solanum Malacoxylon
and Its Chemical Identification

A large amount of the dried plant Solanum malacoxylon has been obtained
from South American colleagues. These leaves will be extracted with water and
the water extract treated with alcohol as already described (86). The alcoholic
extract will then be subjected to a.series of purification procedures. . The
first and most obvious are the gel filtration methods which involve not only the
Sephadex series but also the polyacrylamlde molecular sieves, which are readily
available on the market. In addition, the molecular sieve Bio- Beads SX-8 will
be used. Following this, the active principle will be acetylated with acetic
.. anhydride, catalyzed by a small amount of pyridine and the acetylated product
which now becomes lipid soluble can then be subjected to silicic acid column
chromatography, Sephadex LH-20 chromatography, and high pressure liquid chroma-
tography. Throughout all of these separations samples of the acetylated products
will be deacetylated by alkaline hydrolysis which we know does not interfere with
or destroy the biological activity of the Solanum malacoxylon and then subjected
to testing in the vitamin D-deficient rat by measurement of intestinal calcium
transport by the everted sac following an oral dose. 1If the active principle is °
obtained in homogeneous form, as determined by mass spectrometry, high pressure
liquid chromatography and gas liquid chromatography of the acetylated and
trimethylsilyl derivatives, they will be subjected to mass spectrometry. Since
" it has a molecular weight of over 2 ,000, it seems likely that it could be a
conjugate of some material with a glucuronide or some other sugar molecule. Should
this prove to be the case which should be clearly evident on mass spectrometry,
" attempts will be made to hydrolyze the compound to yield the sugar and the other
component. The non-sugar component will then be subjected to isolation and
identification. If on the other hand it does not show evidence of conjugation,-
such a large molecule will be subjected to degradative cleavage by periodate. or
oxidative breakdown with chromic acid or other oxidation agents. Which procedures
will be used can only be..determined once preliminary results are obtained in our
structural analysis. Ultimately it is hoped that the structure will be determined
and its .relationship to the vitamin D series determlned on a chemical basis.

6. Study of Phosphate Transport in the Small Intestlne‘

If time permits, work will be carried out on the phosphate transport system
in vitro primarily characterizing the requirements for transport of phosphate
across intestinal membrane and a study of the inhibitors which will block the
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transport. (methods as ‘described in Chen et al. (92)). This will follow a
standard everted gut sac technique in which inhibitors will be added in vitro

. or in some cases protein synthesis inhibitors will be given prior to the

administration of 1,25-(0H) D to the animal. Such inhibitors as actinomycin D
or cycloheximide could be usea for this study in which case control experiments
will have to be done in which the actinomycin D or .cycloheximide is given after
the,l325—(OH)2D to eliminate the p0551b111ty that they are inhibiting by a
mechanism not involving their expegted modes of action. Beyond this no further
experiments are planned under the present contract. - ' ‘

7. Study of Lead Absorption

As we progress in our work on the intestinal calcium transport mechanism
we will apply our findings to 'a study of the transport of lead 210. We have
already carried out preliminary experiments to reveal that lead 210 is
absorbed primarily in the distal ileum. Furthermore, vitamin D enhances the

-absorption of lead but little is known about the factors which control

absorption of lead. We plan to examine more thoroughly the affect of vitamin D,
calcium and phosphate on lead absorption.  We plan to measure lead absorption

by an in vivo technique and an in vitro technique. Rats will be fed our

purified diets with various levels of calcium and phosphate for four ‘weeks .

The levels of calcium and phosphorus will be 1.2% calc1um, 1.2% phosphorus;

1.2% calcium, 0.1% phosphorus; 0.47% calcium, 0.3% phosphorus; 0.02% calcium,

0.3% phosphorus:. Thus they will be exposed to low calcium, low phosphorus or normal
diets. One-half-the rats will be given 25 IU vitamin D, orally each day: throughout,
while others will be vitamin D-deficient. At four weeks rats will receive 3.0 uCi
lead 210 in 0.01 mM lead acetate (1 ml) by stomach tube and at 6, 12, 18 and 24
hours, the lead 210 remaining in the entire gastrointestinal tract and feces will

~be determined by y-ray counting. Thus percent lead 210 absorbed can be

calculated. . Thus the effect of vitamin D and dietary levels of calcium and
phosphorus can be evaluated. These studies can then be repeated but the lead 210
transport can be evaluated in vitro by the everted sac technique. This system

. shows linear lead transport for at least 60 mihutes. The effect of ions such as cal-

cium and Phosphate can easily be evaluated in this systen to reveal which ions
enhance and which ions retard lead tramsport. Different sections of intestine
can also be used, although ileum appears most active.

. Besides the effect of vitamin D, calcium and phosphorus, the effect of
diet, nutritional status and various hormones such as parathyroid hormone and
glucocorticoids will be examined as time permits.

Ultimately we hope in the present contract period (for the next three years)
to determine the factors which affect lead absorption and’ something of the
manner in which lead is transported across intestine. If we are successful in
the lead absorption studies, we will consider studying other environmental
pollutants such as plutonium and cadmium.



It is clear that there is more work described in the contract than could
be logically carried out during this entire 3-year contract period. However, we will
' concentrate very heavily on the intestinal calcium transport mechanism and
will concentrate on’ the mechanism whereby 1,25- (OH)2D3 carries out its well
" known function in the intestine.

Summary

Major emphasis during the proposed three-year continuation of  this contract
will be placed on the mechanism whereby '1,25-(0H),D stlmulates intestinal
calcium transport using our newly prepared 1,25- (8H§ [23,24- H]D of 80 Ci/mmole.
Autoradiography will be feasible with this pfeparatlon and in adaltlon, a fresh
- approach is planned for subcellular location studies using isolated villus cells
‘and isolated crypt cells and cell fractionation techniques. Special empha31s
will be placed on the nuclear and intranuclear location of 1,25~ (0H)2D3

A-study of "receptor'" proteins in the cytosol and nucleus of intestine from
rats and chicks using sucrose density gradient analysis and Sephadex chromatography
is planned. Proteins which might be considered receptors .will be isolated and’
studied in detail.

Alterations in the brush border components of intestinal mucosa of rats
and chicks separable by SDS disc gel electrophoresis in response to 1,25-(0H).D
will be looked for. A 200,000 molecular weight protein present in brush border
from rachitic chicks but not in vitamin D-treated chicks will be isolated as
will a 230,000 molecular weight protein which appears in respomnse to 1,25—(OH)2D3.
The physical properties, calcium activated by ATPase, alkaline phosphatase and
calcium binding. propertles will be determined. '

Chemical analogs. of 1,25- (OH) D will by synthesized under other support
and will be tested for biological acglvity under the proposed contract to allow
a delineation of the structural requirements for intestinal calcium transport
activity. Attempts to synthesize an anti—1,25—(OH)2D3 in intestine will be made.

The active substance from .the plant Solanum malacoxylon will be isolated
and its structure identified to determine what relation it has to the 15,25-—(OH)2D3
induced intestinal ‘calcium transport. -

‘Work will be initiated to determine if lead is absbrbedlby the same or an
analogous system which transports calcium. Work is planned to delineate dletary
and hormonal factors which 1nfluence the absorptlon of lead. :
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The ultimate aim of the project is to define.the molecular mechanisms
whereby calcium-and other divalent cations are absorbed. With this information
control of absorption of unwanted atmosphcrlc pollutants will become more -
fcaqnble

Significance

" This project should add a great deal of information to our knowledge of
(1), function of vitamin D, (2) mechanism of intestinal calcium absorption and
(3) rcgulatlon of calcium homeostasis. It has pracLlcal significance in
helping devise methods of minimizing absorption of environmental pollutants such
as Pb, Cd, plutonium and radio-strontium. It also will provide basic information

and tools such as analogs of 1,25-(0H),D, whiech will hLlP in preventing.and
‘LreaLmenL of disorders of bone and calc1um metabolism.
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FIGURE 1 -
. Structural Analogs of la,25-Dihydroxyvitamin D3 Modified at C-25
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Scheme 1: Possible synthesis of la-hydroxy-25-methoxy-vitamin D3 (}).
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FIGURE 2

Scheme 2: Possible synthesis of la-hydroxy-25-fluoro-vitamin D3
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, FIGURE 2 |
Scheme 3: Possible syntheses.of la-hydroxy-25 izavitamin D3
(a) from stigmasterol : ‘
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FEDERAL SUPPORT FOR OVERALL RESEARCH PROGRAM

. National Institutes of Health (Program-Brojeét No. AM-14881): ”Métabolism
"and Function of the Fat-Soluble Vitamins" (Component on metabolism of

vitamins A and D) H. F. DeLuca's portion was previously $90,000. This

.grant is up for renewal and the present time. The renewal has been approved,
‘and the funding level is proposed to be no more than previously, and perhaps

less. . '

Food & Drug Administration, Contract to study "The Mechanisms of Absorption
of Lead and Cadmium from the Gastrointestinal Tract" (Joint between
H.  F. DeLuca and W. G. Hoekstra) (terminates January 1977) 1$28,808



