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METHOD OF TREATING OSTEOPOROSIS
WITH 10,24(R)-DIHYDROXY-22(E)-DEHYDRO-VITAMIN D5
Abstract of the Disclosure |
A method of treating osteoporosis comprising the

administration of an effective amount of 1u,24(R)-dihydroxy-
22(E)-dehydro-vitamin Ds3.
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- METHOD OF TREATING OSTEOPOROSIS WITH

10,24(R)-DIHYDROXY-22(E)-DEHYDRO-VITAMIN D__3_
Background of the Invention

This invention relates to a method for treating or for
preventing the depletion of calcium from bones as a result of
osteoporosis.

More specifically, this invention relates to a method for
treating or preventing various known forms of osteoporosis, e.g.
postmenopausal, senile and steroid-induced osteoporosis, one of
the characteristics of which is the loss of bone mass.

It is well known that females at the time of menopause
suifer a marked loss of bone mass giving rise ultimately to

osteopenia, which in turn gives rise to spontaneous crush
- fractures of the vertebrae and fractures of the long bones. This

disease is generally known as postmenopausal osteoporosis and
presents a major medical problem, both in the United States
and most other countries where the life-span of females reaches
ages of at least 60 and 70 years. Generally, the disease which is
often accompanied by bone pain and decreased physmal activity,
is diagnosed by one or two vertebral crush fractures with

i ewdence of dimmlshed bone mass. It is known that this disease

is. acoompamed by dzmlmshed ablhty to absorb calmum

decreased levels of sex hormones, espeolally estrogen and
- androgen, and a negatlve calcium balance.

Sn:mlar symptoms of bone loss charactenze sen1le

osteoporoms and steroid- mduced osteOporOS1s the 1atter bemg af
__ reoognued result of Iong terrn glucocortlcmd (cortlco stermd) '
therapy for certain disease states. o o -

. Methods for treatlng the dlsease have vaned conmderably
but to date no totally satrsfactory treatment is yet known A

' convenhonal treatment is to admlmster a calcmm supplement to
the patient. ‘However, oalcmm supplementatton by 1tself has not

been successful in preventrng or ounng the dlsease Another
conventlonal treatment is the aneCtIOD of sex hormones .
especially estrogen Wthh has been reported to be effective in
preventing therap1d loss of bone mass experrenced in
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postmenopausal women. This technique, however, has been
complicated by the fear of its possible carcinogenicity. Other
treatments for which variable results have been reported, have
included a combination of vitamin D in large doses, calcium and
5 fluoride. The primary problem with this approach is that
fluoride induces structurally unsound bone, called woven bone,
and in addition, produces a number of side effects such as
increased incidence of fractures and gastrointestinal reaction to
the large amounts of fluoride administered. Another suggested
10 method is to block bone resorption by injecting calcitonin or
providing phosphonates.
U. S. Patent No. 4,255,596 suggests the use of various
- metabolites. of vitamin D3 for increasing calcmm absorption and
retention within the body of mammals displaying evidence of or
15 having a physiological tendency toward loss of bone mass. The
metabolites specifically named in that patent i.e.,
‘la-hydroxyvitamin Ds, lo-hydroxyvitamin Do,
1o, 25-dihydroxyvitamin Ds, 1a,25-dihydroxyvitamin Ds and
1, 24 25 trihydroxyvitamin Dg, although capable of the activity
20 descnbed and claimed in that patent, are also characterized by
~ the dlsadvantage of causing hypercalcerma espec1a11y if used
- with the conventlonal calcmm supplement treatment ,
'.Therefore use of these compounds to treat oste0poroS1s has not
: fbeen Widely accepted RUARCH Patent Nos 3, 833 0622 and -

B 25 3,901, 928 respectlvely suggest using the hydrate of

- 25- hydroxywtamm Ds and la-hydroxywtamm D3 for treatment
of oste0poroszts in a general expressmn of utllity for those
7 «'.compounds 1t is well known that both of those compounds -
- N ‘express tradltxonal v1tam1n D hke actm.ty 1nclud1ng the danger'
30 of hypercalcernla B AR B . S
| ' ~ U. S. Patent No 4 588 716 also suggests the use of la 25«
d1hydr0xy-24 ep1-v1tam1n Dz to treat bone dlsorders S '
charactenzed by the loss of bone mass such as oste0p0r081s
Although th1s compound expresses some of the V1tam1n D-like
- 35 characterlstlcs affectmg calc;.urn metabohsm such as 1ncreasmg
- intestinal calcmm transport and shmulahng the mlneralwatlon
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of new bone, it has the advantage of minimal effectiveness in
mobilizing calcium from bone. The 24-epi compound may be
administered alone or in combination with a bone mobilization-
inducing compound such as a hormone or vitamin D compound
such as lo-hydroxyvitamin Dg or -Dg, or 1o,25-dihydroxyvitamin
D3 or -Da.
Summary of the Invention

It has now been found that the loss of bone mass, which
is characteristic of osteoporosis may be effectively treated by the
administration of a la-hydroxylated vitamin D3z compound in
sufficient amounts to increase bone mass. More specifically, a
method of treatingosteoporosis comprises the administration of
an effective amount of 1¢,24(R)-dihydroxy-22(E)-dehydro-
vitamin D3;. ‘The above compound may be administered alone or
in combination with other pharmaceutically acceptablé agents.
Dosages of from not less than about 0.5 1wg/day to not more than
about 8 ug/day of the individual compound per se, or in
combinations, are generally effective. This method has the
distinct advantage that it will restore bone mass due to the

- insignificant bonemobilization activity of this compound and

further this compound advantageously will not cause

hypercalcemia even if the compound is administered

- continuously on a daily basis, as long as the appropriate
compound dosages are used, it being understood that the dosage

levels will be adJusted dependent on the response of the subject

---._as momtored by methods known to those skﬂled in the art

35

The above method mvolvmg the adrmmstratlon of the

' 1nd1cated dosages of loc 24-[R) d1hydroxy-22(E) dehydro-wtamm

g D3 compound is effeohve in restonng or mamtammg bone mass,
30

and thus provides a novel method for the treatment or

- .preventlon of various forms of osteoporosw such as

postmenopausal osteoporoms semle ost60poros1s and ster01d~
induced osteoporosis. It will be: evident that the method will
find ready application for the preventlon or treatment of disease
states other than those named, in which the loss of bone mass is
an indication. '
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Disclosure of the Invention
The vitamin D compound useful in the present treatment
is 1a,24(R)-dihydroxy-22(E)-dehydro-vitamin Ds. The above
compound may be administered alone or in combination with

- other pharmaceutically acceptable agents. 1a,24(R)-dihydroxy-

22(E)-dehydro-vitamin Dg is characterized by the following
structural formula

The vitamin D compound or combmatrons thereof can be
readlly adnnmstered as sterile parenteral solutions by 1nJect10n
or intravenously, or by ahmentary canal in the form of

~ oral dosages or trans dermally, or by supposntory Doses of from
about 0.5 mlcrograms to about 8 mlcrograms per day of

la, 24(R) drhydroxy 22( )- dehydro-wtamm D3 compound per

~ se, or in cornbinahon w1th other loc~hydroxylated vrtarmn D

I compounds the prOportlons of each of the compounds in the

35

* combmatlon bemg dependent upon the partlcular dlsease state
.-belng addressed and the degree of bone mmerahzatlon and/ or
~ bone moblluatmn des1red are generally effechve to practice the

present mventmn In all cases suff101ent amounts of the

. compound should be used to restore bone mass Am0unts in
_excess of about 8 rmcrograms per day of lo 24(R) dlhydroxy-

22(E)- dehydro-mtamm D3 compound or the comblnatwn of that
compound with other loc hydroxylated mtamm D compounds
are generally unnecessary to achreve the desn‘ed results may
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result in hypercalcemia, and may not be an economically sound
practice. In practice the higher doses are used where
therapeutic treatment of a disease state is the desired end while
the lower doses are generally used for prophylactic purposes, it
being understood that the specific dosage administered in any
given case will be adjusted in accordance with the specific
compounds being administered, the disease to be treated, the
condition of the subject and the other relevant medical facts
that may modify the activity of the drug or the response of the
subject, as is well known by those skilled in the art. For
example, to be effective, 1o,24(R)-dihydroxy-22(E)-dehydro-
vitamin D3 is preferably administered in a dosage rarige of 0.5 - 8
ug/day. In general, either a single daily dose or divided daﬂy
dosages may be employed, as is well known in the art.

Dosage forms of the various compounds can be prepared
by combining them with non-toxic pharmaceutically acceptable
carriers to make either immediate release or slow release
formulations, as is well known in the art. Such carriers may be
either solid or liquid such as, for example, corn starch, lactose,
sucrose, peanut oil, olive oil, sesame oil and propylene glycol. If
a solid carrier is used the dosage form of the compounds may

be tablets, capsules, powders troches or lozenges If a liquid

carrier is used, soft gelatin capsules, or syrup or hquid
suspensions, emulsions or solutlons may be the dosage form.
The dosage forms may also contain adJuvants such as
preserving, stablhzmg wetting or emu181f3nng agents solutlon _
promoters etc. They may also contam other therapeutloally '
valuable substances ‘ |

- The followmg Examples W111 serve to illustrate the
efﬁcacy of the present treatment method and its sultablhty for
the preventlon or treatment of osteoporosm -
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EXAMPLE 1 |

This example illustrates that administration of 1a,24(R)-
dihydroxy-22(E)-dehydro-vitamin D3 at the recommended
dosages will not mobilize calcium from bone whereas
10,,25(OH)9 D3 is strongly active in this regard. In animals on a
low calcium diet, the elevation of serum calcium reflects the
mobilization of calcium from bone.

In the case of the serum calcium data presented in Table I,
weanling rats were fed a 0.02% calcium, 0.3% phosphorus
vitamin D-deficient diet for three weeks. They were then
implanted with Alzet minipumps that delivered the indicated

~dose of compounds in 95% propylene glycel 5% ethanol each
- day for seven days. The rats were then killed and used for
- everted sac measurement of intestinal calcium transport and
serum calcium measurements. The results are illustrated in
Table 1. The results show that 105,24(R)edihydroxy-22( E)-
~dehydro-vitamin D3 is almost as active as 1a,25(0H)2D3 in
 causing absorpotion of Calcium from the small intestine, but it
shows no activity in mobilizing calcmm from bone. In contrast
10,,25(0OH)9o D3 is clearly very actlve i.e. it raises serum ealelum at
-"'the expense of bone. '
' ' TABLE I ,
INTE‘%TINAL CALCIUM TRANSPORT AND MOBILIZATION

- OF CALCIUM FROM BONE IN RESPONSE TO
THE VITAMIN D COMPOUNDS

INTESTINAL

' COMPOUND  DOSE CALCIUM TRANSPORT =~ SERUM

- SEROSAL CALCIUM/ CALCIUM o
~ MUCOSAL CALCIUM) ~  mg%

10,25- (OH)2D3 - 130 85%09  57%0.1

(OH),Ds -'-130_ ~ 6.0%09 41 %0.1
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EXAMPLE 2

This example illustrates the anti-rachitic activity of
10t,24(R)-dihydroxy-22(E)-dehydro-vitamin D3z in male rats. In
this example, weanling male rats were fed a 1.2% calcium, 0.1%
phosphorus, vitamin D-deficient diet for three weeks. The
indicated dosages of test compounds or 1o,25-(OH)oDy were
injected intraperitoneally in 0.1 ml 5% ethanol/95% propylene
glycol daily for 7 days. The rats were killed and their femurs
removed for bone ash determinations. There were eight rats per
group and the values represent the average + S.E.M. The results
are illustrated in Table II. The results show that animals treated
with 10,24(R)-dihydroxy-22(E)-dehydro-vitamin D3 effectively
increased bone mass over a control group', and that 1o,24(R)-

dihydroxy-22(E)-dehydro-vitamin D3 is similar in its ability to
stimulate new bone formation to 1a,25(0H)oD3. This
experiment coupled with Example 1 illustrates the extraordinary
ability of this compound to elevate bone mass.

TABLE II

- ANTI-RACHITIC ACTIVITY OF
A22 22K, 10,24-DIHYDROXYVITAMIN D3

GROUP AMT OF COMPOUND  TOTAL % Ash
~ (pmol/day/7days) © Mg Ash -

. 0 41+3 24242
10,,25-(OH) D3 65 B5+2  27+*1
SRR 195 57+8  29+%2
A22 29E-10,24- 65 42+2  23+2
(OH)2 D3 195 51+5 25+ 3
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EXAMPLE 3

This example illustrates that the compound of the present
invention is effective for restoring bone mass of rats made
osteoporatic by ovariectomy. Mature female rats were obtained
from the Sprague Dawley Company of Madison, Wisconsin either
as sham-operated or as oophorectomized rats. The animals were
placed on a 0.25% calcium, 0.3% phosphorus, purified diet for
three weeks at which time 8 sham-operated and 8
oophorectomized rats were sacrificed. At this time, both groups

~ had 400 mg of ash per femur and the percent ash was 61 £ 2%,

indicating fully mineralized skeleton or a lack of any evidence of
osteomalacia. The rats were then divided into groups of 8
according to the Table below. They were allowed to proceed orn
the diet for apprommately months in order to reduce mineral
content of the femur. At this time, the animals were divided
into the appropriate groups and dosed for 18 days with the
compounds listed. 'I‘he dosing was carried out in 95%

propylene glycol/5% ethanol solution in an Alzet minipump that

dehvered 13 pL solution per day and provided the indicated

“dose in pmol. At the end of the 18-day period, the animals were
killed, the fe‘murs removed extracted with ethanol for 24 hours

and with chloroform for 24 hours using a Soxhlet extractor and

- then dried to constant weight. They were then subjected to
 muffle furnace temperatures of 600°C for 24 hours The

remaining ash was dried to constant Werght and recorded ‘The

values represent total ash per femur or percent ash ’I‘here were

30

35

-. elght animals per group and the results are expressed as the
' .mean + S.E. M. The results are 111ustrated in Table . A
' .comparlson between the sham operated and oophorectommed

animals reveals the bone lost as a result of estrogen lack The

_increase in bone mass above the 00phorectom1zed control in the

dosed animals reveals the degree of bone restora‘hon It is clear
from the data in Table III that A22,22F- la 24- (OH). -D3 is more
effectlve than 10,25- (OH)z D3 m restormg bone mass at the 65
pmol/ day dosage as shown by the mgmﬁcantly hlgher mg temur
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ash i.e. 424 + 15mg versus 388 *+ 7.1 mg. As a result, A22,22E-
lo,24-(OH)2-D3 is effective for restoring bone mass.
TABLE III |

THE RESTORATION OF BONE BY
106,25*(01‘1)2133.
AND A22 22E-1¢,24-(OH)o-D3
IN OOPHORECTOMIZED ADULT FEMALE RATS

DOSE __FEMUR ASH
GROUP - (pmol/day) BODY WEIGHT % mg

~ Sham-operated 0 282 + 6 62+ 0.3 411 +7.8
Oophorectomized 0 3854+11  59+1.6 350+2.4

(00X) .

00X + 10,25-OH-Ds 65 372+ 7.0 50 + 0.5 388+ 7.1
00X + A22,22F 65 366+ 17 60+ 0.6 424 + 15
10,24-(0H)3-Ds 195 372 + 7.3 60 + 0.4 429 + 10
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CLAIMS

1. Use of an effective amount of 1&,24(R)-dihydroxy-22(E)-dehydro-vitamin D,

for the treatment of osteoporosis.

2. Use according to claim 1, wherein said effective amount is from 0.5 to 8 ug

per day.

3.  Use according to claim 1 or 2, wherein the osteoporosis is postmenopausal

OSteoporosis.

4.  Use according to claim 1 or 2, wherein the osteoporosis is senile

0Steoporosis.

5.  Use according to claim 1 or 2, wherein the osteoporosis is steroid-induced

OStEOpOrosis.
6. Use according to claim 3, for women during and subsequent to menopause.
7. Use according to claim 3, for women prior to the onset of menopause.
8.  Use according to claims 1 to 7, wherein the vitamin D, compound is in
solution in an ingestible and nontoxic liquid vehicle and is used orally in encapsulated

form.

9.  Use according to claims 1 to 7, wherein the vitamin D, compound is used in

a slow release formulation.

10. Use according to claims 1 to 7, wherein the vitamin D, compound is used

daily 1n divided dosages.

11. A pharmaceutical composition comprising an effective amount of 1c,24(R)-
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dihydroxy-22(E)-dehydro-vitamin D, and a pharmaceutically acceptable excipient.

12. The composition of claim 11, wherein said effective amount is formulated to

result in a dosage of 0.5 to 8 ug per day.
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