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USE OF 2-METHYLENE-19-NOR-(208)-1¢,25-DIHYDROXYVITAMIN D; TO
TREAT SECONDARY HYPERPARATHYROIDISM

BACKGROUND

10001] This vention relates to vitamin D compounds useful in treating andfor
preventing secondary hyperparathyroidism and/or the symptoms thereof, and more
patticularty to the use of the vitamin D compound 2-methylene-19-nor-(20S)-1a,25-
dihydroxyvitamin D3 to treat and/or prevent secondary hyperparathyroidism and/or the

symptoms thereof,

[0002] Renal disease has become an increasingly important health problem in virtually
every country in the world including highly developed countres such as the United
States. Presently there are about 230,000 patients on renal dialysis who have lost almost
complete use of their kidneys. There are approximately ten times this number of patients
who have lost some degree of renal function due to renal disease and are progressing to.
complete renal failure. Renal failure is evidenced by a decreased glomeruli filtration rate
(GFR) from a high value of 110 ml/minute/1.73 m® to 30 ml/minute/1.73 m® where

dialysis is often initiated.

[0003] Many factors contribute to the development of renal disease. High blood pressure
is one of the significant contributors, as is having Type I or Type II diabetes. Current
ireatments for renal failare are limited to hemodialysis, an extremely expensive procedure
that carrently is supported by federal governments because individuals typically cannot
afford this procedure on their own. The annual cost of renal disease in the United States
alone is over $42 billion. Accordingly, effective methods for preventing renal disease
and treating symptoms thereof would not only provide-a major-health benefit but wonld

also provide a major economic benefit.

10004] It is now uiiversally accepted that vitamin D must first be 25-hydroxylated in the
tiver and subsequently lo-hydroxvlated in the kidney before it can function. (See
DelLuca, “Vitamin D: The vitamin and the hormone,” Fed. Proc. 33, 2211-2219, 1974).

“These two reactions produce the final active form of vitamin D, namely 10,25-(0H)Ds.

- 134 -
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(Sée Deluca & Schroes, “Vitamin D: Recent advances,” Ann, Rev. Biochem. 52, 411
439, 1983). This compound then stimulates a number of physiological processes
including: stimulating the intestine to absorb calcium, stimulating the kidney to reabsorb
calcium, stimulating the intestine to absorb phosphate, and stimulating bone to mobilize
calcium when signaled by high parathyroid hormone (PTH) levels. These actions result
in a rise in plasma calcium and phosphorus levels that bring about the healing of bone
lesions such as rickets and ostcomalacia and prevent the neurological disorder of

hypocalcemic tetany.

{0005] Secondary hyperparathyroidisin is a universal complication in patients with
chronmic renal failure. Low levels of 1o 25-{OH):D; and phosphate retention are
responsible for the development of secondary hyperparathyroidism. Low levels of
circulating 1025-(OH),D; are the result of impsaired kidaey function resulting in the
patient's inability to convert 25-hydroxy-vitamin I); to 1o, 25-dihydroxyvitamin D;. Asa
result of low levels of circulating 1¢,25-(OH);Ds, intestinal calcium absorption is
minimal which subsequently results in insufficient seram calcium levels. When the
parathyroid glands sense a Jow level of seram caicium, the parathyroid glands secrete
PTH which causes.calcium to be mobilized from bong to regulate seram calcium, Left
unchecked, this abnormal secretion of PTH will lead to the development of renal
osteodystrophy. High PTH levels can also lead to: 1) weakening of the bones; 2)
calciphylaxis (when calcium forms clumps in the skin and lead to ulcers and potentially
death of surrounding tissue); 3) cardiovascular complications; 4) abnormal fat and sugar

metabolism; 5} iiching {pruritis), and 6) low blood counts (anemia}.

[0006] 10,25-dihydroxyvitamin D3  has been used as a therapeutic for
hiyperparathyroidism in patients with renal diseases. In the ireatment of secondary
hyperparathyroidism  of rengl osteodystrophy, it s well known that lg,25-
dihydroxyvitamin Ds binds to the vitamin D receptor (VDR) located in the parathyroid
glands to suppress both growth and proliferation of the parathyroid cells and expression
of the preproparathyoid gene. (See Demay ef al., "Sequences in the human parathyroid
hormone gene that bind the 1.25-dihydroxyvitamin D; receptor and mediate

transcriptional repression in response to 1,25-hydroxyvitamin D" Proc. Natl. Acad. Sci.
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USA 89, 8097-8101,1992; and Darwish & Deluca, "fdentification of & transcription
factor that binds to the promoter region of the human parathyroid hormone gene,” Arch.
Biochem. Biophys. 363, 123-130, 1999). Because of its ability to suppress parathyroid
hormone (PTH), 1,25-(OH),D; has been used with success in the treatment of secondary
hyperparathyroidism.  (See Slatopolsky ef «l, "Marked Suppression of Secondary
Hyperparathyroidism by Iniravenous Administration of 1,25-dihydroxycholecalciferof in
Uremic Patients,” J.  Chn. Invest. 74:2136-2143, 1984). The use of 1¢25-
diiydroxyvitamin Ds; in the treatment of secondary hyperparathyroidism of renal
osteodystrophy 1s often precluded, however, by the development of hypercalcemia
resulting from 1o, 25-dihydroxyvitamin Dy's potent action on intestinal calcium

absorption gnd bone mineral calcium mobilization,

[0007] As noted previously, secondary hyperparathyroidism typically will occur in
patients undergoing renal dialysis. Chronic renal failure is the most common cause of
secondary hyperparathyroidism. Failing kidneys do not convert enough vitamin D to its
active form and do not adequately excrete phosphate. When this happens, msoluble
calcium phosphate forms m the body and removes calcium from circulation. Ultimately,

this leads to hypocalcemia and secondary hyperparathyroidism.

j0008] Secondary hyperparathyroidism  also  can  result  from  gastroiniestinal
malabsorption syndromes (e.g., chronic pancreatitis, small bowel disease, and
malabsorption-dependent bariatric surgery in which the intestines do sot absorb vitamins
and minerals properly), where these syndromes may result in msufficient absorption of
the fat soluble vitamin D, When vitamin D is insufficiently absorbed, hypocalcemia may
develop and a subsequent increase in PTH secretion may result where the body attempts
to increase serum  calcium  levels. However, hypocalcemia and secondary
hyperparathyroidism also may appear in the carly stages of renal disease due to low
levels of 1,25(0OH).134. Other tess common causes of secondary hyperparathyroidism are
long~term lithium therapy, vitamin D deficiency, malnutrition, vitamin D-resistant

rickets, or hypermagnesemia (/. ¢., abnormally high blood magnesium levels).

- 3734 -
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{0009] Symptoms of secondary hypeiparathyroidism include increased levels of serum.
PTH, serum phosphorus, and serum creatinine. Less overt symptoms include bone and
joint pain, bone deformities, broken bones (fractures). swollen joints, kidney stones,
increased urination, muscle weakness and pain, nausea, and loss of appetite. Other less

common symptoms include faiigue, upper abdominal pain, and depression.

{00010} Treatment of secondary hyperparathyroidism typically involves addressing
the underlying cause of the hypocaleemia. In patients with chronic renal failure,
treatment consists of dietary restriction of phosphorss, supplements with an active form
of vitamin D such as calcitriol, Hectorol®, or Zemplar®({paricalcitol), and phosphate
binders which can be divided into calctum-based binders and non-calcium based binders.
A newer class of medication is calcimimetics, one of which is commercially available as
Sensipar®(cinacalcet) in the United States and Australia, and as Mimpara® in the
European Union. Calcimimetics have achieved positive responses and are FIDA approved
for use in patients on dialysis, but have not been approved for use in chronic kidney
disease pre-dialysis because, among other concerns, they can increase phosphorus levels.
Most patients with hyperparathyroidism secondary to chromic kidney disease will
improve after renal transplant, but many will continue to have a degrée of residual
hyperparathyroidism (J.e., tertiary hyperparathyroidism) post-transplant with associated

risk of bone loss.

{00011} Although serum phosphorus is usually normal in patients with early renal
msufficiency, phosphate restriction can reduce secondary hyperparathyroidism. Dietary
phosphate restriction increases 1,25<(OHRD; levels.  (See Portale er wl, "Effect of
Dietary Phosphoras on Circulating Concentrations of 1,25-dihydioxyvitamin D and
Tmmnunoreactive Parathvroid Hormone in Children with Moderate Renal Insufficiency,”
Y. Clin, Invest. 73:1580-1589, 1984). This in tum decreases PTH by directly suppressing
PTH gene transcription and by increasing intestinal calcum absorption. It later stages of
renal failure, the extent of hyperparathyroidism and 1,25-(OH):D; deficiency incresses,
and phosphate restriction has {utle effect on 1,25-(OH);D; levels. (See Lopez-Hitker ef

al., "Phosphorus Restriction Reverses Hyperparathyroidism in Uremia Independent of

- 4”{4 -
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Changes in Calcium and Calcitriol,” Am. J. Physiol. 259:F432-F437, 1990). This is

presumably due to the decreased renal mass available for 1,25-(0H)LD; synthesis.

{60012} Several vitanun D analogs with low calcemic activity have been found to
be nearly as effective as 1,25-(OH):D; in suppressing PTH secretion by cultured bovine
parathyroid cells. These include 22-oxacalcitriol (OCT), (Brown et ol., "The Non-
Calcemic Analog of Vitamin D, 22-oxacalcitriol {OCT) Suppresses Parathyroid Hormone
Synthesis and Secretion,” J. Clin. Invest. 84:728-732, 1989), as well as 1,25-(OH):-16-
ene-23-yne-Ds;, 1,25-(0OH)-24-dihomo-Ds, and 125-(OH)p-24-trihomo-22-ene-Ds. 22-
oxacaleitriol has been examined in detail for this action in vivo. (Se2 Brown ef al.,
"Sefective Vitamin D Analogs and their Therapeutic Applications,” Sem. Nephrol
14:156-174, 1994, reporting that 22-oxacalcitriol, despite its rapid clearance i vive,
could suppress PTH mRNA). Low, submaximal doses of calcitriol and OCT exhibited
comparable inhibition. OCT also has been shown to suppress serum PTH in uremic rats

and dogs.

{00013} Another analog of 1,25«(OH)D; with low calcemic and phosphatemic
action is 19-nor-1,25-(OH);D;. This analog of calciiriol has the carbon 28 and the double
bond at carbon 22 that are characteristic of vitanin D; compounds, but it lacks carbon 19
and the exocyclic double bond found in all natural vitamin D compounds.  Studies in
viiro utilizing a primary culture of bovine parathyroid cells demonstrated that 19-nor-
1,25-(OH)D; had a similar suppressive effect on PTH as 125-(0OH):Dy. A 52%
suppression on PTH release was obtained with 19-nor-1,25-(OH)Ds at 107M.  There
was no significant difference in the suppressive effect of PTH secretion between the two

compounds.

[00014§ Thereafier, preliminary studies were performed in vivo to determine the
calcemnic activity of 19-nor-1,25-(0H)2D;. It was found that 1 25-(OHRD; (10 npfrat/10
days) increased serum calcium to the same magmitade as 19-nor-§,25-(0Hy) Dy (100
ngfrat/10 days). Because of this, three different doses of 1. 25-(OHRD; (2, 4, and & ng)
and 19-nor-1,25-(OH),D; (8, 25, and 75 ng) were selected for chronic studies.  After two

months of renal insufficiency, the animals received the above tweo compounds at the three
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indicated doses, four times, during a period of eight days. As expected; 1, 25-(OH):D;
suppressed pre~-pro-PTH mRNA and PTH secretion. However, this decrease was
statistically significant only with a 8 ng dose, and this dose induced hypercalcemia and
hyperphosphatemia. On the other hand, none of the doses of 19-nor-1,25-(0OH)D;

produced statistically significant changes in serum ionized calciam or serum phosphorus.

[060015] 19-nor-10,25(0H):D, is alse known as Paricalcitol and 19-nor-1g,25-
dihydroxy-ergocalciferol.  Paricalcitol ijection is available commercially as Zemplar®
from Abbott Laboratories, Abbott Park, . A paricalcitol (Zemplar®) injection is
described in U.S. Pat. No. 6,136,799 and has been approved by the FDA and is marketed
for the prevention and treatment of secondary hyperpsrathyroidism associated with
chtonic renal failure (CKD Stage 5 or end-stage renal disease (ESRD), GFR <13
mLémin/1.73 m®). This intravenous formulation contains 2-10 micrograms/milliliter of
paricalcitol, 30% (v/v} propylene glycol, 20% (v/v) ethanol and approximately S0% (v/v)
water. Studies indicate that paricalcitol injection suppresses elevated levels of PTH with
winimal effect on serum calcium and phosphorus levels. Since its approval by the FDA
i April of 1998, it is estimated that approximately 200,000 patients have received at least
one dose of paricaleitol injection.  Chinically, the safety and efficacy of paricalcitol

mjection to treat secondary hyperparathyroidism are well established.

jo0016} Hyperphosphateniia is aléo a persistent problem in ¢hronic hemodialysis
patients and can be further aggravated by therapeutic doses of 1 25-(OH):Ds  (See
Delmez ef al., "Hyperphosphateria: Its Consequences and Treatment in Patients with
Chronic Renal Disease,” Am. J. Kidney Dis. 19:303-317, 1992, and Quarles & al.,
"Progpective trial of Pulse Oral versus Iatravenous Calcitriol  Treatment of
‘Hyperparathyroidism in ESRD," Kidney Int. 45:1710-1721, 1994). In addition, the
control of phosphate absorption with large doses of calcium carbonate only increases the

w

risk of hypercalcemia from 1,25(OH)D; therapy. (See Meyrier e af., "The Influence of
a High Calcium Carbonate Intake on Bone Disease in Patients undergoing
Hemodialysis," Kidney Int. 4:146-153, 1973; Morintere & al, "Substitution of
Aluminum Hydroxide by High Doses of Calcium Carbonate in Patients on Chronic

Hemodialysis: Disappearance of Hyperaluminaemia and  Equal Control  of
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Hyperpaiathyroidism,” Proc. Eur, Dial Traosplant Assoc. 19:784-787, 1983, and
Statopolsky ef al., "Calcium Carbonate as a Phosphate Binder in Patients with Chronic
Renal Failure Undergoing Dialysis,” New Engl. J. Med. 315:157-161, 1986). Thus, an
analog of 125-(OH);D; that can suppress PTH with minor effects on calcium and
phosphate metabolism would be an ideal tool for the control and treatment of secondary

hyperparathyroidism.

{60017} Another vitaminn D analog, samely, 2-methylene-19-nor-(208)-10.25-
dihydroxyvitamin D; (referred to in the literature as "2MD") is also known to suppress
PTH production. {See U.S. Published Application No. 2011/0034426A1). Although it
‘would therefore appear to be a candidate for treating secondary hyperparatbyroidism, it is
also well known from U.S. Patent No. 5,843,928 that 2MD has very potent calcemic
activity. 2MD significantly increases bone calcinm mobilization activity to a level likely
to be 10-100 times that of 10,25-(OH):D; while also exhibiting a modest increase in
intestinal calctam transport activity. Due to this highly selective activity for the
mobilization of calcium from bone, the compound 2MD was never seriously considered

as a pharmaceutical agent for treating secondary hyperparathyroidism, until now.
SUMMARY

{00018} It has now been discovered that the vitamin D analog 2MD has the ability
fo ireat secondary hyperparathyroidism as well as symptoms of secondary
hyperparathyroidism when administered under well-controlled conditions to a subject in
need thereof. 1t also now been discovered that the vitamin D analog 2MD has the ability
to preveat secondary hyperparathyroidism as well as symptoms of secondary
hyperparathyroidism when administered under well-controfled conditions to a subject in

need thereof.

{00019} In one embodiment, the present invention provides a novel method of
treating secondary hyperparathyroidism by administering a therapeutically effective
amount of a composition comprising 2-methylene-19-nor-(208)-1a,25-dihydroxyvitamin

D1 (2MDY) or pharmaceutically acceptable salts thereof as the active agent to a-subject
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exhibiting symptoins of secondary hyperparathyroidism, without inducing hypercalcemia

in the subject.

{60020} In another embodiment, the present invention provides a sovel method of
{reating symptoms of secondary hyperparathyroidism by administering a therapeutically
effective amount of a composition comprising 2-methylene-19-nor-(205)-10,25-
dilyroxyvitamin D; (2MD) or pharmaceutically acceptable salis thereof as the active
agent to a subject exhibiting symptoms of secondary hyperparathyroidism, without

inducing hypercalcema in the subject.

{00021} To yet another embodiment, the present invention provides a novel method
of preventing secondary hyperparathyroidism by administering a therapeutically effective
amount of a composition comprising 2-methylene-19-nor(208)-10,25-dihydroxyvitamin
D: (2MD) or pharmaceutically acceptable salts thereof as the active agent to a subject at
risk of developing secondary hyperparathyroidism, without inducing hypercalcemia in

the subject.

{00022} In still another embodiment, the present invention provides a novel
method of preventing symptoms of secondary hypesparathyroidism by administering a
therapeutically effective amount of a composition comprising of 2-methylene-19-nor-
(208)-1a,25-dihydroxyvitamin Da (2MD) or pharmacentically acceptable salts thereof as
the active agent to a subject at risk of developing secondary hyperparathyroidism,

without inducing hypercalcenia i the subject.

{00023} In  one.  embodiment, the 2-methylene~19-n0r-(208 }-1a,25-
dihydroxyvitamin Dy 15 formulated in an oral, topical, transdermal, parenteral, injectable
or infusable form to be administered in amounts ranging from 10 ng/day to about I
pg/day. Preferably, for the treatment of or prevention of secondary hyperparathyroidism,
or for the treatment or prevention of the symptoms of secondary hyperparathyroidism, the
compound 2MD is administered either orally or parenterally (i.v.). The dose may be
properly selected in accordance with the specific route of administration. Suitable doses

may include doses within the range of about 10 ng to.about I ug per day. Preferably a
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dose is administered three times pet week either intravenously or orally to subjects

receiving hemodialysis treatment.
BRIEF DESCRIPTION OF THE DRAWINGS

[00024} Figure 1 schematically illustrates the intraperitoneal treatment protocol

with 2MD coatemplated herein.

{00025} Figure 2 is a graph illusirating the effect of intraperitoneal administration

of 2MD at various doses on seruny PTH in a nremic rat model.

{00026} Figure 3 is a graph illustrating the effect of intraperitoneal administration

of 2MD at various doses on serunt calcium i @ wemic rat model.

{00027} Figure 4 schematically illustrates the oral treatment protocol with 2MD

contemplated herein.

{00028} Figure § is a graph illustrating the efféct of oral administration of ZMD at

various doses on serwm PTH in a8 wremic rat model.

{00029} Figure 6 is a graph illusteating the effect of oral administration of 19-nor-
1,25-dihdroxyvitamin D, (marketed under the tradename Zemplar®) at various doses on

serum PTH in 2 uremic rat model.

{00030] Figure 7 is a graph illustrating the effect of oral administration of 2MD at

various doses on serum calcium in a uremic rat model.

{00031} Figure 8 is a graph illustrating the effect of oral administration of 19-nor-
1a,25-dihydroxyvimtin D; (marketed under the tradename Zemplar®) at various doses on

serium PTH in a aremic rat maodel.

[60032} Figare 9 is a graph illustrating the effect of oral administration of 2MD at

various doses on serum phosphorus in a uremic rat model.

- 9434 -
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|00033] Figure 10 i$ a graph illustrating the effect of oral administration: of 19-nor-
1o, 25-dihydroxyvimtin D» {marketed under the tradename Zemplar®) at various doses on

serum phosphorus in a uremic rat model.

[00034] Figure 11 is a graph illustrating the effect of oral administration of 2MD at

various doses on serum creatinine in a uremic rat model.

{00035} Figure 12is a graph illustrating the effect of oral administration of 19-nor-
1o, 25-dihvdroxyvimtin D, (markéted under the tradename Zemplar®) at vanious doses on

sergm creatinine in a uremic rat model.

{00036{ Figure 13 is a graph illustrating the effect of oral administration of 2MD at

varfous doses on serum PTH in a Phase 1B human trial of postmenopausal women,
DETAILED DESCRIPTION

00037} Disclosed are methods of twreating andfor preventing secondary
hyperparaihyroidism or the symptoms thereof. The disclosed methods further may

described as follows based on the following definitions.

{60038} Unless defined otherwise, all technical and scientific terms used herein
have the same meanings as commonly understood by one of ordinary skill in the art to
which this invention belongs. Alf publications and patents specifically mentioned herein
are incorporated by reference in their entirety for all purposes including describing and
disclosing the chemicals, instruments, statistical analyses and methodologies which are
reported in the publications which might be used in connection with the invention. All
references cited in this specification are to be taken as indicative of the level of skill in
the art. Naothing herein is to be constived as an admission that the invention is not

entitled to antedate such disclosure by virtue or priorinvention.

{00039} In the specification and in the claims, the terms “including” and
“comprising” are open-ended terms and should be interpreted to mean “including, but not

limited 10.” These terms encompass the more restrictive terms "consisting essentially of”

- 1434 -
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and "consisting of ™ It is also to be noted that the terms “comprising," "including,”

“"characterized by" and "having” can be used interchangeably.

L "

[00040] As used herein and in the appended claims, the singular forms "a" "an,
and "the” include plural reference unless the context clearly dictates otherwise. As well,
the terms "a" (or "an"), “one or more" and "at least one” can be used interchangeably

herein.

{00041} Where a range of values is provided, it 1s understood that each intervening
value, and any combination or subcombination of intervening values, between the upper
and lower himit of that range and any other stated or imtervening value in that stated

range, is encompassed within the range of values recited.

160042} Certain ranges are presenied berein with numerical values being preceded
by the term “about.” The term “about™ is used herein to provide literal support for the.
exact number that it precedes, as well as a number that is near to or approximately the
number that the term precedes. In detenmining whether a number is near 0 or
approximately a specifically recited number, the near or approximating unrecited number
may be a number which, in the context in which it is presented, provides the substantial
equivalent of the specifically recited number, and thus will typically refer to a number or

value that is 10% below or above the specifically recited number or value.

[00043] The disclosed methods may be utilized to treat and/or prevent secondary
hyperthyroidism in a patient in need thereof. A patient in need thereof may include, but
is not Himited to, a patient having or at risk for developing secondary hyperthyroidism
subsequent fo a renal disease or disorder. A patient in peed thereof may include, but is
not limited o, a patient having or at visk for developing secondary hyperthyroidism
subsequent to renal osteodystrophy, for example, due to renal failure. A patient in need
thereof may include a patient undergeing renal dialysis. A patient in need thereof may
include, but is not limited to, a patient having or at nisk for developing secondary
hyperthyroidism as a result of a gastrointestinal malabsorption syndromes (e.g., chronic
pancreaiitis, small bowel disease, and malabsorption-dependent bariatric suriery in

which the intestines do not absorb vitamins and minerals properly). A patient in need.
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thereof may include; but is not limited to, a patient haviag or at risk for developing
secondary hyperthyroidism as a result of a long-ferm lithium therapy, vitamin D
deficiency, maloutrition, vitamin D-resistant rickets, or hypermagnesemia (i,

abnormally high blood magnesium levels).

{060044] The disclosed methods may be wtilized to treat and/or prevent the
symptoms of secondary hyperthyroidism in a patient in need thereof. Symptoms of
secondary hyperthyroidism treated and/or prevented by the disclosed methods may
include, but are not limited to: weakening of the bones; calciphylaxis (when calciom
forms clumps in the skin and lead to vlcers and potentially death of Sutrﬁ)llildiﬁg tissue);
cardiovascular complications; abnormal fat and sugar metabolism; iiching (pruritis); and
fow blood counts {anemia). Other symptoms of secondary hyperthyroidism treated
andfor prevented by the disclosed methods may include: increased levels of serum PTH,
serum  phosphorus, and serum  creatinine. Farther symptoms of secondary
hiyperthyroidism trested and/or prevented by the disclosed methods may include: bone
and joint pain, bone deformities, broken bones (fractures), swollen joints, kidney stones,
increased wrination, muscle weakness and pain, nausea, and loss of appetite. Even further
‘symptoms of secondary hyperthyroidism treated and/or prevented by the disclosed

methods may include: fatigue, upper abdominal pain, and depression.

{00045} Previously, it has been demonstrated that 300 ng per day of 10,25-
dihydroxyvitamin D; (1,25(0H:D;) administered through the diet can effectively prevent
renal disease and renal failure by reducing the symptoms of renal disease. (See James
‘Wonkee Kim. Effects of 10,25-dihydroxyvitamin D; on the MRL/MpJ-fas/lpr model of
systemic upus erythematosus (Ph.D. Thesis, University of Wisconsin-Madison (2009)3.
For instance, it has been previously shown that administering 1¢,25-dihydroxyvitamin Dy
(1,25(0H):D;) completely prevents proteinuria in the MRL/MpJ-FAS™ (MRL/lpr)
mouse model of systemic lupus erythematosus (SLE). (See id). However, severe
hypercalcemia always accompanied this treatment. Hypercalcemia {(i.e., increased levels
of calcium in the blood) can result in serious physical problems, including death.
Specifically, an increase in calcium of approximately 2 mg/100 mi is considered mild

hypercalcemia and is not considered a problem. However, an increase in calcium levels
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of more than 2 mg/100 mi i§ considered severe hiypercalcemia and can cause calcification
of the kidney, heart, and aorta. Clearly, the use of this compound is not optimal to treat
or prevent secondary hyperparathyroidism, or the symptoms thereof, because of the

resultant hvpercalcemia.

{60046} 2-methylene-19-nor-(208)-1¢,25-dihydroxyvitamin - Dy (2MD) is an
analog of 1,25(0OH).D; which has been shown to have increased in vive potency toward
bone but not on intestinal calcivan absorption. The overall synthesis of 2MD is illustrated
and described more completely in U.S. Pat. No. 5,843,928, issued Dec. 1, 1998, and
entitled "2-Atkylidene-19-Nor-Vitamin D Compounds" the specification of which is
specifically incorporated herein by reference. The biclogical activity of 2MD is also
reported in 1S, Patent No. 5,843,928 and in Shevde ef ul., “A Potent Analog of 1a.25-
dihydroxyvitamin D; Selectively Induces Bone Formation™ PNAS, Vol, 99, No. 21 pp

1348713491 (2002), both of which are specifically incorporated herein by reference.

[00047} Tn the methods disclosed herein, 2MD can be administered to ireat and/or
prevent secondary hyperparathyroidism andfor ifs- accompanying symptoms without
causing severe hypercalcemia, while also resulting in reduced levels of phosphorus and

creatinine in blood as well as decreased PTH levels in the blood.

[00048] Also in the methods disclosed herein, 2MD can be used to treat and reduce
the severity of secondary hyperparathyroidism of renal disease and its accompanying
symptoms, without causing severe hypercalcemia, by reducing phosphorus, creatinine
and PTH levels in blood.

{60049} As used herein, “hypercalcemia™ means elevated calcium levels in the
blood of more than 2 mg/100ml. In a normal subject, calcium levels are approximately
9-10.5 mg/dL or 2.2-2.6 mmol/L. In cases of severe hypercalcemia (i.e., calcium levels

above 15-16 mg/dL or 3.75-4 mmol/L) coma and cardiac arrest can develop.

[00050] The present invention therefore provides novel methods of treating and/or
preventing secondary hyperparathyroidism and/or its accompanying symptoms in a

subject at risk of developing secondary hyperparathyroidism, and of treating and/or
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preventing secondary hyperparafthyroidism andfor #ts accompanying symptoms m a
subject exhibiting symptoms of secondary hyperparathyroidism, by administering to the
subject a therapeutically effective amoumt of 2-methylene-19-nor-(208)-10,25-
dihvdroxyvitamin D: (2MD} or pharmaceutically acceptable salts thereof without

inducing hypercalcemia in the subject, where 2MD has the structare (I):

OH

HO™ OH

{00051} As used herein, “preventing” means forestalling of a: clinical symptom
indicative of secondary hyperparathymi(ii_sm_.. Such forestalling includes, for example,
the mamtenance of normal kidney functions in a subject at risk of developing secondary
hyperparathyroidism prior to the development of overt symptoms of secondary
hyperparathyroidism including, but not limited to, increased levels of serum PTH,
phosphorus and creatinine. Therefore, the term "preventing” includes the prophylactic
treatment  of subjects fo guard them from the occurrence of  secondary
fiyperparathyroidism. Preventing secondary hyperparathyroidism in a subject is also

intended to include inhibiting or amesting the development of secondary
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hyperparathyroidism.  Inhibiting or arresting the development of sécondary
hyperparathyroidism includes, for example, inhibiting or arresting the occurrence of

increased levels of serum PTH, phosphorus and creatinine.

{60052 As used herein, a “renal disease™ or a “renal disorder” means a condition
exhibiting impaired kidney function in a subject who is not on dialysis or a patient with
chronic kidney disease (CKD) at stages 2 or 3, such as, for instance, acute kidney f{ailure,
acute nephritic syndrome, analpesic nephropathy, atheroembioic renal disease, chronic
kidney failture, chronic nephritis, congenital nephrotic syndrome, goodpastare syndrome,
interstitial nephiitis, kidney cancer, kidney damage, kidney inféction, kidney injury,
kidney stones, membranoproliferative GNI, membranoproliferative GNI, membranous
uephropathy, minimal change disease, necrotizing glomernlonephritis, nephroblastoma,
nephrocaleinosis, nephrogenic diabetes insipidus, nephropathy-1gA, nephrosis nephrotic
syndrome, polycystic kidaey disease, post-sirepococcal GN, reflux nephbropathy, renal
artery embolism, renal artery stenosis, renal disorders, renal papillary necrosis, renal
tubular acidosis type I, renal tobular acidosis type H, renal underperfusion, renal vein

thrombosis.

{00053} "Renal disedse” is also meant to include patiénts with established kidney
failure (e.g., a glomerular filtration rate (GFR) of less than 15 mb/mindl.73 m® or
permanent renal replacement therapy (RRT)). A subject baving “renal disease™ is meant
to include a subject who has had kidney damage for more than 3 months, as defined by

structural or functional abnormalities of the kidney, with or without decreased GFR,
manifested by either pathological abrormalities or markers of kidney damage, inchiding-
abnormalities. in the composition of the blood or urine, or abnorinalities in maging tests.
Markers of kidnev damage include proteinuria of greater than 300 pg/day as measured by
24-HR excretion method. (See Table 15, Am. J. of Kidney Diseases, v.39, no. 2, Suppl. |

(Feb. 2002), pp. 546-573, incorporated herein by reference). This definition may include

patients on dialysis.

[00054] As used herein, a patient having “stage 2 chronic kidney disease (CKD)Y”

means a patient exhibiting a mild reduction in GFR. (60-89 mL/min/1.73 m®). Kidney
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damage is defined as pathologic asbnormalities or markers of damage, mcluding
abnormalities in blood or urine test or imaging studies. A patient having “stage 3 chronic
kidney disease (CKD)” means a patient exhibiting a moderate reduction in GFR (30-39
mL/min/1.73 m). Guidelines for characterizing kidney disease may distinguish between
stage 3A (GFR 45-59) and stage 3B (GFR 30-44) for purposes of screening and referval.
For more information about stages of kidney disease, see Am. J. of Kidney Disease, V.

39, No. 2, Suppl. 1, February 2002, incorporated herein by reference.

{00055} As used herein, a “subject” includes mammals and non-mammals.
"Mammals" means any member 0f the clags Mammalia including, but not limited to,
humans, non-human primates such as chimpanzees and other apes and monkey species;
farm animals such as cattle, horses, sheep, goats, and swine; domestic animals such as
rabbits, dogs, and cats; laboratory animals incloding rodents, such as rats, mice, and
guinea pigs; and the like. Examples of non-mammals include, but are not {imited to,
birds, and the like. The term “subject” does not denote a particular age or sex. The
primary subjecis to which the present invention is directed are the class of humans being
weated with, or receiving, hemodialysis. The term “subject” may be utilized herein

imerchangeably with the terms “patient” or “individual.”

[00056} As used herein, “administering” mean introducing a compound into the
body, preferably into the systemic circulation, as described in more detail below.
Examples include but are not limited to oral, topical, buccal, sublingual, pulmonary,
transdermnal, transmucosal, as well as subcutaneous, intraperitoneal, intravenous, and

tnmramuscular injection or in the form of liguid or-solid doses via the alimentary canal,

{00057} As used herein, “therapeutically effect” means an amount of a compound
that, when administered to a subject for treating or preventing a disease, is sufficient to
effect such treatinent of prevention of the disease: A “therapeuntically effective amount™
will vary depending on the compound, the disease state being treated, the severity or the
disease treated, the age and relative health of the subject, the route and form of
administration, the judgment of the attending medical or veterinary practitioner, and other

factors. As disclosed herein, male weanling Harlan-Sprague Dawley rats were
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administered several dose levels of 2MD that would not cause sipnificant hypeicalcemia.
We found that 2 1/2 nanograms/kilogram body weight (ngr/kg bw) of 2MD per rat per day
is sufficient to prevent and treat secondary hyperparathyroidism, or to prevent or treat
symptoms of secondary hyperparathyroidism, without increasing serum calcium levels.
Farthermore, 400 ng per day of 2MD in postmenopausal women showed over a 60%
reduction in serum PTH levels while maintaining serum calcium levels within the

physiologically normal range (Figure 13).

{60058} In one embodiment, the therapeutically effective amount ranges from
between about 10 ng/day 1o about | ;zgfdéy-,ﬂ and preferably from between about 20
ng/day about | pg/day. In a more preferred embodiment, the therapentically effective
amount ranges from between about 40 ng/day to about 600 ng/day, or between about 50
ng/day to about 600ng/day. In the most preferred embodiment, the therapeutically

effective amount ranges from between about 100 ng/day to asbout 400 ng/day.

160059] As used herein, “treat” “reating” or “ireatment™ means amelioration,
alleviation.-or abation of a clinical symptom indicative of secondary hyperparathyroidism.
Amelioration, alleviation or abation of a clinical symptom includes, for example,
arresting, reducing the severity of or slowing the progression of or causing the regression
of a sympiom of secondary hyperparathyrowdism, For instance, lowering the amount of
serum PTH, serum phosphorus or serum creatinine levels in response to treatment with
IMD. Specifically, treating may include reducing the amount of serum PTH, serum
phosphorus or serum creatinine by al least about 20%.  In one embodiment, the amount
of serum PTH, serum phosphorus-or serum creatinine in the subject’s blood is reduced by
abogt 20-40% or about 35-50%. - Other pathological conditions, chronic complications or
phenotypic manifestations of secondary hyperparathyroidism are known to those skilled
in the art and can similarly be used 8s a wmeasure of weating secondary
hyperparathyroidism so long as there is a reduction in the severity of the condition,

complication or manifestation associated with the disease.

{00060} Effective compound formulations are described in U.S. Pat. No. 5,843,928

and include phammaceutical applications as a solution in mnocuous solvents, or as an
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emulsion, suspension or dispersion in suitable solvents or carriers, or as pills, tablets,
capsules combined with solid carriers. Other formulations may also include other
pharmaceutically acceptable and nontoxic excipients sich as stabilizers, anti-oxidants,
binders, coloring agents or emulsifying or taste-modifying agents and extended release

formulations.

{00061} In one embodiment, the 2MD compound is the active pharmaceutical
ingredient (API) administered in the disclosed methods. The API may be formulated in
an oral pharmaceutical dosage form as a solution in innocuous solvents, emulsion,
suspension or dispersion in suitable solvents or carriers. The API may also be formulated
in various oral dosage forms, such as pills, tablets or capsules using suitable
pharmaceutical solid carrers. Such pharmacentical formulations may alse contain other
pharmaceutically suitable USP-approved inactive ingredients, excipients, such as
stabilizers, anti-oxidants, binders, coloring agents, emulsifiers, and/or taste-modifving

agents, which are referred to as USP approved inactive pharmaceutical ingredients.

{00062} The APl may be administered orally, topically, parenterally or
transdermally or by inhalation. The compound may be administered by injection or
intravenous infusion using suitable stevile solutions. Topical dosage forms may be
creams, oimtments, patches, or similar vebicles suitable for transdermal and topical

dosage forms.

{06063} In some embodiments, the AP may be formulated in doses for delivering
a dose ranging from between about 10ng/day 10 about 1 pg/day, preferable from between
about 20 ng/day 1o about 1pgiday, and more preferably from between about 40 ng/day to
about 600 ng/day, or from between about 50 ng to gbout 600 ng per day and most
preferably from between about 100 ng/day to about 400 ng/day. The API prefersbly is
formulated in a dose that may be used for the prevention or treatment of secondary
hyperparathyroidism, or for the prevention or freatment of symptoms of secondary
hyperparathyroidism. Typically, the positive effects of 2ZMD are observed at dose levels

that do not significamly raise scrum calcium. Such dose and dosing regimens may be
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adjusted to acconunodate dissase severity or progression, patient predispositiondat--

risk/susceptible~-to and other known criteria.

{00064} The pharmaceutically suitable oral carrier systems _(ai'se referred to ay ding
delivery systems, which are modern technology, distributed with or as a part of a drug
product that allows for the uniform release or targeting or drugs to the bodv} preferably
include FDA-approved and/or USP-approved inactive ingredients. Under 21 CFR
210.3(b)(8), an inactive ingredient is any component of a drug product intended to
furnish pharmaceutical activity or other direct effect in the diagnosis, or to affect the
structure or any function of the body of humans of other animal. Active ingredients
include those components of the product that may vndergo chemical change during the
manufacture of the drug product and be present in the drug product in a modified form
intended to fumish the specified activity or effect. As use herein, a kit (also referred to as

a dosage formy) is a packaged collection of related material.

{00065 As used herein, “oral dosage™ forms may include capsules ( ie., a solid
oral dosage form consisting of a shell and a filling), whereby the shell is composed of a
single sealed enclosure, or two halves that fit together and which are sometimes sealed
with a band, and whereby capsule shells may be made from pelatin, starch, or cellnlose,
or other suitable materials, may be soft or hard, and are filled with a solid or liguid
mgredients that can be poured or squeezed. The oral dosage form may also be a capsule
or coated pellets, in which the drug is enclosed within either a hard or soft soluble
container or “shell” made from a suitable form of gelatin. The drug itself may be in the
form of granules to which varying amount of coating have been applied or in a capsule
coated extended release, in which the drug is enclosed within either a hard or soft soluble-
container or “shefl” made from a suitable form of gelatin. Additionally, the capsule may
be covered in a designated coating which releases a drug or drugs in such a manner 1o
allow at least a reduction in dosing frequency as compared to that drug or drogs presented

as a conventional dosage form.

{00066} The oral dosage form may further be a capsule delaved release, in which

the drag is enclosed within either a hard or soft soluble container made from a suitable
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form of gelatin, and which refeases a diug (or drugs) ata time other than promptly after
administration, whereby enteric-coated articles are delayed release dosage forms. Capsule
delaved release pellets, in which the drug is enclosed within either a hard or soft
container or “shell” are also useful. In these cases, the drug itself is in the form of
granules to which enterie coating has been applied, thus delaying release of the drug until
its passing into the intesting. Capsule extended release and capsule film-coated extended

release are also useful.

[00067] Additionally, the capsule is covered in a designated film coating, and
which releases a drug or drugs in such a manner to allow at least a reduction in dosing
frequency as compared to that drug or drugs presented as a conventional dosage: form),.
capsule gelatin coated (a solid dosage foim in whicl the drog is enclosed within either a.
hard or soft soluble container made from a suitable form of gelatin; through a banding
process, the capsule i3 coated with additional lavers of gelatin so as to form a complete
seal), capsule liquid filled (a solid dosage form 1o which the drug is enclosed within a
soluble, gelatin shell which is plasticized by the addition of a polyol, such as sorbiiol or
glycerm, and is therefore of a somewhat thicker consistency than that of a hard shell

'i:-apsu}’e_)‘.

[00068] Typically, the sctive ingredients may be dissolved or suspended in a liquid
vehicle, a granule {a small particle or grain), a pellet (a small sterile solid mass consisting
of a highly purified drug, with or without excipients, made by the formation of granules,
or by compression and molding), or a pellet coated extended release (a solid dosage form
in which the drug itself is in the form of granules to which varying amounts of coating:
have been applied, and ‘which releases a drug or drugs in such a manner to allow a
reduction in dosing frequency as compared to that drug or drugs presented as a

conventional dosage formy).

{00069} Other forms include pills (a small, round solid dosage form containing a
medicinal agent intended for oral administration), powder (an intimate mixture of dry,
finely divided drugs and/or chemicals that may be intended for internal or external use),

elixir {(a clear, pleasantly flavored, sweetened hydroalcoholic liquid containing dissolved
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medicinal agents; it is intended for oral use), chewing gum (a sweetened and flavored
insoluble plastic material of varions shapes which when chewed, releases a drug
substance into the oral cavity), syrup (an oral solution containing high concentrations of
sucrose or other sugars; the term has also been used to include any other liguid dosage
form prepared in a sweet and viscid vehicle, mcluding oral suspensions), tablet (a solid
dosage form containing medicinal substances with or without suitable diluents), tablet
chewable (a solid dosage form containing medicinal substances with or without suitable
diluents that 13 intended to be chewed, producing a pleasant tasting residue m the oral
cavity that is easily swallowed and does not leave a bitter or unpleasant after-taste), tablet
coated or tablet delaved release, tablet dispersible, tablet effervescent, tablet extended
release, tablet film coated, or tablet film coated extended release where the tablet is
formulated in sach manner as to make the contained medicament available over an

extended period of time following ingestion.

{66070} In other forms, a tablet for solution, tablet for suspension, tablet
multilayer, tablet multilayer extended release may be provided, where the tablet is
formulated in such manner as to allow at least a reduction in dosing frequency as
compared to that drug presented as a conventional dosage form. A tablet orafly
disintegrating, tablet orally disintegrating delaved release, tablet soluble, tablet sugar

coated, osmotic, and the like are also suitable,

{00071} The oral dosage form composition may contain an active pharmaceutical
ingredient and one orf mote inactive pharmaceutical ingredients such as diluents,
solubilizers, alcohols, binders, controlled release polymers, emeric polymers,
disintegrants, excipients, colotants, flavorants, sweeteners, antioxidants, preservatives,-
pigments, additives, fillers, suspension agents, surfactants {e.g., asionic, cationic,
amphoteric and nonionic), and the like. Various FDA-approved topical inactive
ingredients are found at the FDA's “The Inactive Ingredients Database™ that contains
inactive ingredients specifically intended as such by the manufacturer, whereby inactive
ingredients can also be considered active ingredienis under ceriain circumstances,

according to the definition of an active ingredient given in 21 CFR 210.3(b)(7). Alcohol
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it a good example of an ingredient that may be considered either active or inactive.

depending on the product formulation.

{00072} As used herein, the injectable and infusion dosage forms include, but are
not limited {0, a liposomal injectable, which either counsists of or forms liposomes (a lipid
bilaver vesicle usually composed of phospholipids which is used 10 encapsulate an active
drug substance). An injection, which includes a sterile preparation intended for paventeral
use; five distinct classes of injections exist as defined by the USP, is also suitable. An
emulsion injection, which includes an enwision consisting of a sterile, pyrogen-free
preparation intended to be administered parenteraily or a lipid complex injection are alse.

suitable.

{00073} Other forms include a powder for solution injection, which is a sterile
preparation intended for reconstitution to form a solution for parenteral use; a powder for
suspension injection that is a sterile preparation intended for reconstitution to form a
suspension for parenteral use; a powder lyophilized for liposomal suspension injection,
which is a stenle freeze dried preparation intended for reconstitution for parenteral use
which has been formulated in a manner that would allow liposomes (a2 lipid bilayer
vesicle usually composed of phospholipids which is used to encapsulate an active drug
substance, either within a lipid btlayer or in an aqueous space) to be formed upon
reconstitution; a powder lvophilized for solution injection, which is a dosage form
intended for the solution prepared by lyophilization (“freeze drying™), a process which
involves the removal of water from products in the frozen state at extremely low

pressures,

{00074} This is intended for subsequent addition of liquid to create a solution that
conforms i all respects to the requirements for injections; a powder lvophilized for
suspension injection being a liquid preparation, intended for parenteral use that contains
solids suspended in a suitable fluid medium and conforms in all respects to the
requirements for Sterile Suspensions; the medicinal agents intended for the suspension
are prepared by lyophilization (“frecze drying™), a process which involves the removal of

water from products in the frozen state at extremely low pressures; a solution injection



WO 2014/003849 PCT/US2013/031574

being a liquid prepatation containing one or mere drug substances dissolved in a suitable.
solvent or mixture of mufually miscible solvents that is saitable for injection; a solution
concentrate injection being a sterile preparation for parenmteral use which, upon the
addition of suitable solvents, vields a solution conforming in all respects to the

requirements for injections.

{00075} A suspension injection comprises a liquid preparation, suitable for
injection, which consists of solid particles dispersed throughout a liquid phase in which
the particles are not soluble that can also consist of an oil phase dispersed thronghout an
‘aqueous phase, or vice-versa. A suspension liposomal injection comprises a liquid
preparation, suitable for injection, which consists of an oil phase dispersed throughout an
aqueous phase in sach a manner that liposomes {a lipid bilayer vesicle usvally composed
of phospholipids which is used to encapsulate an active drug substance, either within a
Lipid bilayer or in an aqueous space) are formed. A suspension sonicated injection
comprises a liquid preparation, suitable for injection, which consists of solid particles
dispersed throughout a liguid phase in which the particles are not soluble. In addition, the
product is sonicated while a gas is bubbled through the suspension, and this resuits in the

formation of microspheres by the solid particles.

[00076} The parenteral carrier svstem includes one or more pharmaceutically
suitable excipients, such as solvents and co-solvents, solubilizing agents, wetting agents,
suspending agents, thickening agents, emwmlsifying agents, chelating agents, buffers, pH
adjusters, antioxidants, reducing agenis, antimicrobial preservatives, bulking agents,
protectants, fonicity adjusters, and special additives. Formulations suitable for parenteral
administration conveniently comprise a sterile oily or agueous preparation of the: active.

ingredient which is preferably isotonic with the blood of the recipient.

{00077} As used herein, inhalation dosage forms include, but are not limited to,
aerosol being a product that is packaged under pressure and contains therapeutically
active ingredients that are released upon activation of an appropriate valve sysiem
intended for topical application to the skin as well as local application into the nose (nasal

aerosols), mouth (lingual and sublingual aerosols), or lungs (inhalation aerosols); foam
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aerosol being a dosage form containing one or more active ingredients, surfactants,
aqueons or nonaqueous liguids, and the propellants, whereby if the propellant is in the
internal (discontinuous) phase (i.e., of the oil-in-water type), a stable foam is discharged,
and if the propellant is in the external (continuous) phase (i.e., of the water-in-oil type), a
spray or a quick-breaking foam is discharged; metered aerosol being a pressurized dosage
form consisting of metered dose valves which allow for the delivery of a uniform
quantity of spray upon each activation; powder aerosol being a product that is packaged
under pressure and contams therapeutically active ingredients, in the form of a powder,
that are released upon activation of an appropriate valve system; and, acrosol sprayv being
an aerosol product which utilizes a compressed gas as the propellant to provide the force
necessary to expel the product as a wet spray and being applicable to solutions of

medicinal agents in aqueous solvents.

[00078] As used herein, transdermal dosage form includes, but is not limited 1o, a
patch being a drug delivery system that often contains an adhesive backing that is usually
applied to an external site on the body, whereby the ingredients either passively diffuse
from, or are actively transported from, sotne portion of the patch, and whereby depending
npon the patch, the ingredients are either delivered to the outer surface of the body of into
the body; and, other various types of transdermal patches such as matrix, reservoir and

others known in the art.

{60079} As used herein, the topical dosage form includes varicus dosage forms
known in the att such as lotions (an emulsion, liquid dosage form, whereby this dosage
form is generally for external application to the skin), lotion augmented (a lotion dosage
form that enbances drug delivery, whereby augmentation does not refer to the strength of
the drug in the dosage form), gels (a semisolid dosage form that contains a gelling agens
to provide stiffness to a solution or a colloidal dispersion, whereby the gel may contain
suspended particles) and ointments (a semisolid dosage form, usually containing less
than 20% water and volatiles and greater than 50% hydrocarbons, waxes, or polyols as
the vehicle, whereby this dosage form is generally for external application to the skin or

mucous membranes).
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|00080} Ointiient augmented (an ointment dosage form that enhances drug
delivery, whereby augmentation does not refer to the strength of the drug in the dosage
form). creams (an emulsion, semisolid dosage form, usually containing greater than 20%
water and volatiles and/or less than 50% hydrocarbons, waxes, or polyols may also be
used as the vehicle, whereby this dosage form is generally for external application to the
skin or mucous membranes. Cream augmented (a cream dosage form that enhances drug
dehivery, whereby augmentation does not refer to the strength of the drug in the dosage
form), enmlsions {(a dosage form consisting of a two-phase system comprised of at least
two immiscible liquids, one of which is dispersed as droplets, internal or dispersed phase,
within the other liquid, external or continuous phase, generally stabilized with one or
more emulsifying agents, whereby emulsion is used as a dosage form term unless a more
specific term is applicable, e.g. cream, lotion, ointment), suspensions (a lquid dosage
form that contains solid particles dispersed in a hquid vehicle), suspension extended
release, pastes {a semisolid dosage form, containing a large proportion, 20-50%, of solids
finely dispersed in a faity vehicle, whereby this dosage form is generally for external
application to the skin or mucous membranes), solutions (a clear, homogenecous ligoid
dosage form that contains one or more chemical substances dissolved in a solvent or

mixture of mutually miscible solvents), and powders are also suitable.

{00081} Shampoos {(a lotion dosage form which has a soap or detergent that is
usually used to clean the hair and scalp) are often used as a vehicle for dermatologic
agents. For instance, shampoo suspensions (a liquid soap or detergent containing one or
more solid, insoluble substances dispersed in a liquid vehicle that is used to clean the hair
and scalp and is often used as a vehicle for dermatologic agents) are often used. Aerosol
foams (i.e., 2 dosage form containing one or more active ingredients, surfactants, agqueons
or ponaqueous liquids, and the propellants; if the propellant is in the internal
discontinuous phase, Le., of the oil-in-water type, g stable Toam is dischatged, and if the
propetlant is in the external continuous phase, i.e., of the water-in-oil type, a spray or a
quick-breaking foam is discharged), sprays (a liquid minutely divided as by a jet of gir or
steam), metered spray (a non-pressurized dosage form consisting of valves which allow
the dispensing of a specified quantity of spray upon each activation), and suspension

spray (a liquid preparation containing solid particles dispersed in a liguid vehicle and in
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the form of coarse dioplets or as finely divided solids to be applied locally, most usually

10 the nasal-pharyngeal tract, or topically to the skin) are also suiiable.

{00082} Telties (a class of gels, which are semisolid systems that consist of
suspensions made up of either small inorganic particles or large organic molecules
interpenetrated by a liquid--in which the structural coherent matrix contains a high
portion of liquid, usually water) and films (a thin layer or coating), inclading film
extended release (a drug delivery system in the form of a film that releases the drug over
an extended period in such 2 way as to maintain constant drug levels i the blood or
target tissue) and film soluble {a thin laver or coating which is susceptible to being

dissolved when in contact with a liquid) are also suitable.

{00083} Sponges {a porous, interlacing, absorbent material that contains a drug,
whereby it is iypically used for applying or introducing medication, or for cleansing, and
whereby a sponge usually retains its shape), swabs (a small piece of relatively flat
absorbent material that contains a drag, whereby a swab may also be attached to one end
of a small stick, and whereby a swab is typically used for applving medication or for

cleansing).

{0008:4] Patches (a drag delivery system that ofien contains an adhesive backing
that is usually applied 0 an external site on the body, whereby its ingredients either
passively diffuse from, or are actively transported from, some portion of the paich,
whereby depending upon the patch, the ingredients are either delivered to the outer
surface of the body or into the body, and whereby a paich is sometimes synonymous with
the termas ‘extended release film’ and ‘system’), patch extended release (a drug delivery
system in the form of a patch that releases the drug in such a manner that a reduction in
dosing frequency compared to that drug presented as a conventional dosage form, e.g., 8
solution: or a prompt drug-releasing, conventional solid dosage form), patch extended
release electronically controlled (a drug delivery system i the form of a patch which is
controlled by an electric currept that releases the drug i such a manner that a reduction
in dosing frequency compared to that drug presented as a conventional dosage form, ¢.g.,

a solution or a prompt drug-releasing, conventional solid dosage form), and ihe like. The
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various topical dosage foims tnay also be formulated as immediate release, controlled

release, sustained release, or the like.

[00085] The topical dosage form composition contains an active pharmaceutical
ingredient and one or more inactive phammaceatical ingredients such as excipients,
colorants, pigments, additives, fillers, emollients, surfactants (e.g., anionic, cationic,
amphoteric and nonionic), penetration enhancers (e.g.. alcohols, fatty aleohols. fatty
acids, fatty acid esters and polyols), and the like. Various FDA-approved topical inactive
ingredients are found at the FDA's “The Inactive Ingredients Database” that contains
inactive ingredients specifically intended as such by the manufacturer, whereby inactive
ingredients can also be considered active ingredients under certain circumstances,.
according to the definition of an active ingredient given in 21 CFR 210.3(b)(7). Alcohol
is a good example of an ingredient that may be considered either active ot inactive

depending on the product formulation.
EXAMPLES

00086} The following examples are presented for illystrative purposes only, and
are not intended to limit the scope of the present invention in any way. The examples
itlustrate that 2MD, an analog of 1,25(0H),D: originally thought to be important in
prevention and treatment of osteoporosis, is also important in preventing and treating
secondary hyperparathyroidism and its accompanying symptoms. A study conducted in
rats in which their kidneys were surgically removed, showed that daily oral and
intraperitoneal (ip) 2MD adminisiration resalts in lower levels of serum PTH,
phosphorus, and creatinine, all indicators of kidney failwe, ag compared to vehicle
control animals. Furthermore, 2MD administration results in {ower PTH, phosphorus and

creatinine levels at dose levels that do niot raise serum caleium.

[00087} Example 1

{00088} Materials and Methods
{60089] Nephrectomy Rat Model. Disease Induction. Wegnling, male Sprague-

Dawley rats were ‘obtained from Harlan (Madison, Wis}. Following a 10-13 day

2
>
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acclimation period, the animals had two-thirds of one kidney removed. After a week, the
other entire Kidney was removed. The animals were then switched from a chow diet to a
purified rodent diet (Suda er al., Purified Rodent Diet-Diet 11) containing 0.6% Ca and
0.9% phosphorus and fat soluble vitamins A, D, E and K. Water and diet were provided

ad Iibitam.

{00090} Animal Husbandry. Animals were housed in suspended, plastic shoe-box
style cages with corn cob bedding (prior to surgery) or in stainless steel, wire-bottom
cages (approximately one week after surgerv). The animal rooms were maintamed at a
temperature of 68 to 72 °F. and a relative humidity of 25 to 75%. The holding rooms

‘were set to-provide 12 hours of Hight per day.

{66091} Treatment Groups. Approximately four weeks after the second surgery,
animals were assigned to freatinent groups (14-15 animals/group) so that each group had

the same average PTH level.

[00092} Dose Preparation (Vehicle Formufation). The negative control material
was —pfcpar@d_by vol‘;m}ctricaﬂy measu_i‘il}_g ethanol { "'9’0} andieﬁbee oil, mz\mgand then.

placing in storage at 2 to 8 °C.

{00093} Dose Preparation (2MD Formulation). 2MD formulations (DP001, Sigma
Aldrich Fine Chemicals, Madison, Wis) were prepared by first determining the
concentration of an ethanol stock solution using UV spectrophotometry (extinction
coefficient=42,000; Au=252 nm). The solutions were then volumetrically added to
Neobee oil so that there-was no. more than 5% ethanol in the final solution. If necessary,
additional ethanol was added to bring the final ethanol amount to 5%. The solution was’

mixed and stored at 2 10 8 °C.

{00094} Dose Administration Method. Both vehicle and 2MD were administered
orally to the back of the tongue at 0.5 ml’kg body weight once: daily for & weeks, or

intraperitoneally three times per week for 4 weeks.

[00095] Sernin Parathyroid Hormone (PTH) Levels. By “seram PTH levels™ we

inean the amount of PTH released by the parathyroid gland. PTH is the most important
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regilator of the body's caleium and phosphorus levels, and is controlled by the level of
calcium in the blood. Low blood calcium levels cause increased PTH io be released,
while high blood calcium levels inhibit PTH release. Normal values are 10-55 picograms
per milliliter (pg/mL). Four weeks after surgery and 4 and 8 weeks after treatment
initiation, blood was collected from the tail artery and the concentration of bioactive
serum PTH was measured using the rat BioActive Intact PTH ELISA Kit from

Immutopics, Inc. (San Clemente, Calif).

{00096} Serum Calcium Analysis. Four weeks following surgery and 4 and 8
weeks after treatment started, blood was collected from the tail artery of each
experimental animal. The blood was allowed to coagulate-at room temperature and then
centrifaged at 3000xg for 15 minutes. The sertm was transferred to a polypropylene tube
and stored frozen at -20 °C. The level of calcium was determined by diluting the seram
into 0.1% lanthum chioride and measuring the absorbance on an atomic absorption

spectrophotometer (Perkin Elmer Model 3110, Shelton, Conn.}.

{00097} Phosphorus Assay. Four weeks after surgery and 8 weeks after treatment
started, blood was collected from the tail aery of each experimental animal. The blood
was allowed to coagulate at room temperature and then cenurifuged at 3000xg for 15
minutes. The serum was transferred to a polypropylene tube and stored frozen at -20 °C.
The level of phosphorus was determined using a clinical analyzer (Pentra 400, Horiba

ABX Diagnostics--France; UV method using phosphomolybdate).

{00098} Creatinine Assay. Measuring serum creatinine levels is a useful and
inexpensive method of evaluating renal dysfunction. Creatinine is a non-protein waste
product of phosphocreatinine metabolism by skeletal maoscle tissue. Creatinine
production is continuous and is proportional to muscle mass. Creatinine is freely filtered
and therefore the serum creatinine level depends on the Glomerular Filtration Rate
(GFR). Renal dysfunction diminishes the ability to filter creatinine and the serum
creatinine rises. If the serum creatinine level doubles, the GFR is considered to have been

halved. A threefold increase is considered to reflect a 75% loss of kidney function.
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{00099} In the following examples, serum creatinine levels were evaluated four
weeks after surgery and 8 weeks after treatment started. Blood was collected from the tail
artery of each experimental animal. The blood was allowed to coagulate at room
temperature and then cemrifuged at 3000xg for 15 nunutes. The serum was transferred to
a polypropylene fube and stored frozen at -20 °C. The level of creatining was determined
using & clinical analyzer (Pentra 400, Horiba ABX Diagnostics--France; Jaffe reaction)
and is mdicative of impaired repal function and chronic nephritis. In one embodiment of
the invention, a minimum decrease in serum creatinine levels of approxmmately 30% is

expected after treatment according 1o the method of the present invention.

{000100]

Example 2

{000101] Uremic Rat model — Intraperitoneal (ip) Adminstratoin of 2MD

{000102] Figure 1 schematically illustrates the ip treatment protocol with 2MD. As
shown in Figure 2, ip administration of 2MD at 5 ng’kg bw three times per week
prevented increases in serum PTH, and suppresses circulating PTH levels at 10 ng/kg bw.,
As shown in Figare 3, ip administration of 2MD did not raise serum calcium levels until

a dose of 10 ng/kg bw was administered.
[600103] Example 3
[600104] Uremic Rat Model — Oral Administration of 2MD compared to Zemplar®

[060105] Figure 4 schematically illusuates the oral weatment. protocol with 2MD.
As shown in Figure 5, oral administration of 2MD at daily doses of 1-5 ng'kg bw
prevented an increase or effected a reduction in serum PTH levels. The observed effect
lasted for eight weeks of therapy. As shown in Figure 6, oral administration of
Zemplar® at daily doses of 30-300 ng/kg bw prevented an increase in serum PTH levels,
but the therapeutic effect was lost as the disease progressed. Figure 7 illustrates that
when orally administered clinically significant serum calcium increases are observed at
2MD doses of S ng/kg bw. Figure 8 illustrates that when orally administered clinically
significant serum calcitm increases are observed at Zemplar® doses of 100 and 300

ng'kg bw.
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[000106] As shown in Figure 9, otal administration of 2MD at daily doses of 1-5
ng/kg bw reduced serwn phosphorus levels in nephrectomized rats. In contrast, oral
administration of Zemplar® did not reduce serum phosphorus levels in nephrectomized

rats.

1600107] As shown in Figure 11, oral administration of 2MD at daily doses of 1-5
ngfkg bw resulted in lower serum crealinine levels compared to Vehicle control animals.
In contrast, oral administration of Zemplar® lowered serum creatinine levels compared to
Vehicle control animals, however, only at dose levels that significantly increased serom

‘calcium.

[000108] Example 4

[000109] Phase 1B Trial - Ol Administration of IMD 1o Postienopausal Women
[000110] Figare 13 illusteates the oral administration of 2MD once daily for 28 days

to postmenopansal women at a dose of 1 10 nanograms (ng) reduced serum PTH levels by

21%, and a dose of 440 nyg reduced serum PTH levels by 67%.

{000111]  Interpretation of Data

{600112] 2MD or 2~methviene-19-nor-(208)-1¢,25-dihydroxyvitamin D; effectively
reduces secondary hyperparathyroidism in a rat model of renal failure. Rats that have all
but one sixth of their kidney mass surgically removed, and are placed on a high
phosphorus diet will develop elevated PTH levels in the blood. Oral or intraperitoneal
administration of 2MD on a daily or 3 times per week regimen will reduce the circolating
levels of PTH. In addition, 2MD has the added benefit of preventing further increases or
possibly reducing the levels of both phosphorus and creatinine in the blood. Furthermore,
2MD exhibits long-lasting effects in that rats treated orally for 8 weeks still show reduced
PTH levels; whereas, other vitarnin D compounds lose their effectiveness after 4 weeks

of treatinent in this animal model.
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CLAIMS
We claim:

1. Use of 2-methylene-19-nor-{208)-la,25-dihydroxyvitamin D: or
pharmaceuntically acceptable salts thercof for tresmting or preventing secondary
hyperparathyroidism or the symptoms thereof in a subject having or at rvisk for
developing secondary 'hryperpara.thyroidism or the symptoms thereof withouwt inducing

hypercalcemia in the subject.

2. The use of claim 1, wherein the 2-methylene-19-nor~{208)-10,25-
dihydroxyvitamin D is formulated in an oral, topical, transdermal, parenteral, injection or

infusion dosage form,

X

3, The use of claim 1, wherein the 2-methylene~19-n0r-(2083-1¢.25-
dihydroxyvitamin Dy is formulated in a dose for administering about 20 ng/day fo about 1

ug/day to the subject.

4, The use of claim 1, wherein the 2-methylene-19-nor-(208)-10,25-
dihydroxyvitamin D; is formulated i a dose for administering about 40 ng/day to about

600 ng/day to the subject.

5. The use of claim 1, wherein the 2-methylene-19-nor=(208)-10,25-
dihydroxyvitamin D; is formulated in a dose for admunistering about 600 ng/day to the

subject.

6. The use of claim 1, wherein the 2-methylene~19~-nor-(208)-10,25-
dihvdroxyvitamin D; is formulated in a dose for administering about 400 ng/day to the

subject.

7. The use of claim I, wherein the subject is receiving hemodialysis

treatment.
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8. The uge of claim 7, wherein the 2‘¥methylene;~I-9mmt-(20$)~,1{@2: .
dihydroxyvitamin Dz is formulated in a dosage form for administering about three times

per week to the subject.

9. The use of claim 1, wherein the symptoms of secondary
hyperparathyroidism are selected from the group comsisting of serum PTH, serum

phosphorus and serum creatinine.
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that bind the 1,25-dihydroxyvitamin D,receptor and mediate transcriptional

repression- in response to 1, 25-hydroxyvitamin D,), Proc.Natl. Acad. Sci. USA
89, 8097-8101, 1992 ; fl Darwish&DeLuca, “& & FAXFRERBEERNE I T
BRI XEFREE” (Identification of a transcription factor that binds to
the promoter region of the human parathyroid hormone gene), Arch. Biochem.
Biophys. 365, 123-130, 1999) . H T H 3 &l F R 35 BR ¥ & (PTH) I &€ 7, 1, 25-(OH) ,D,
SRt A TSR FRZRIEETHNIBIT. (5 W Slatopolsky &, “FE K 5
AEBE PET 1,25- ZREBSABENERIKNGE A TS EMBNL KERRFZRIDEET
#” (Marked Suppression of Secondary Hyperparathyroidism by Intravenous
Administration ofl, 25-dihydroxycholecalciferol in Uremic Patients), J.Clin.
Invest. 74:2136-2143, 1984) . K1, 1a,25- “REELED, EBEHBERASARPER M
FR SRR T BE FUHE VR TT TR I B B AR 1 a, 25— “RESEAE D, MBS BB B
YIS B 258 7 V6 F 3 3O T 4 MLAE A R AR T A HERR
[0007]  IEWNLARTHREIN, 4k KM FRFZRIh e FUSEE W R ETEL L EEFTNEE F. 1§
e R R 40 M FRAR S BRI R T B LI R . S ) B A VR R RO 4EAE R D
AR EEER, HATEFR S HEMB R . DX B OUR AR, AEH R BERS A AN
TERFEBE NBI B RR . B, X5 RS MLAEF 4k & M AR5 IR ThRE TU8E .
(0008] 4% M HURFZ MR Th AL Ut P] LUl B i E R A REREAE (Bani@ AR K /N
P AR BRI IE F AR, B A& S R E = Z Y i) 5l&, Khxs
GAETT B S BURAE M4 A D IR R o HYEAF D UBCAR 2 B, 7] BE R AR R4S UAE,
I ELFE /5 7T B 5 |72 PTH 43 Wb 38 0, b 5 44k B4R R I 75 457K F - #8710, i1 1, 25 (OH) ,D,
FR AT, R4S MUAE AN 8 R M F AR 55 IR Th RE U RE AR W] R H AR B s i R AT B p . ki
AR B RRIhRE U B A E R R R KIEGT EE R DR EFAR EER
D FiiE MR B I (B R & BB K ) .
[0009] 4k 1 FOIR 5% BR IO A6 7Tk MO FER A 36 ML PTH. L ¥ AN 1L 75 L BR B 7K T3 155« 38
A B RAEREE TR ERME . ERNR (B ) KWK B4 a R
LA KB 55 RO R DRI AR AN Ik . HARAS AN LB IR 48 8 35 | E AR AR .
[oo10] 4k M FUIRSF MR ThEE U IR T B W KR SRS IE M RRIR R Bl . 8 &
FEEEFERENEED, BT HBENXERE) G EER D KEEREAnE L=,
Hectorol®g% Zemplar® (A E1LEE) LA BERR Eh 456 FIHI AR, Frid BERR 28 45 & 71 T LL oy
BETENLEAERNAETENLEER. —REHPAYREEMUY, Hh—Mr SR
[E AR KR T A 4 Sensipar® (FEHR-EZE ) FHAERK 1 A Mimpara® Bl £S5 B3k
2 1ET WY, 3% B4 FDA #bvE A T & 8%, B R WAkt TER BB R, X2
HFEMNREEIRERIK TSR . KBTS R R FIRE BRI RE T BT
BEBHEERE ERHLBAHERF —ERENBHEEXRE PRSI TH (=K
4
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PERURFIRThEE 7T ) DA AHEE B R KU

[0011] REASZHEWHEHEERSHNEE P MBERE TR IES K, ERRH AT Lg%
KRR FIRIAE U, IREBERRBIRE T 1, 25-(0H) D, /KF. (& Portale &,“7E /8
B ESIRASNLEPRERXT 1, 25- “RELEA ST D MR RN FIREREE
TR IR ERI M ” (Effect of Dietary Phosphorus on Circulating Concentrations
of1, 25-dihydroxyvitamin D and Immunoreactive Parathyroid Hormone in Children
with Moderate Renal Insufficiency),].Clin. Invest. 73:1580-1589, 1984) . iX i3k i@ it
B B0 PTH £ %% 35 18 i 385 hn W i 45 IR OCR BRI PTH. 78 '8 3208 O BLBR I B, BROIRSE
BRINGETCHEFN 1, 25— (OH) ,D, BREGERAZBE G AN, 7+ HLBERE 2R FRAIXT 1, 25— (OH) ,D; 7KF JLF &
E¥W., (SN Lopez-Hilker &, “7F PREAE B PR #1002 T45 70 B b = BE R0 W 3 FH
WRBRRTHEETTHE” (Phosphorus Restriction Reverses Hyperparathyroidism in Uremia
Independent of Changes in Calcium and Calcitriol), Am. J.Physiol. 259:F432-F437,
1990) . IXHEMIZ A FF 1, 25— (OH) D, & Bl B BRI/ 2 BT«

[0012] BRI, JLF BB (RS 7E 44 T D 2RI R H1 55 57 89 4 R 55 R 40 e
ft9 PTH 43wt 5 1, 25— (OH) D, JL P FHIFER . BN 22- BY-E =8 (0CT) (Brown
%, “YEAE R D I IESS M B KRN 22- YL HAL =B (OCT) M| FR 35 BRER & A4
W7 (The Non-Calcemic Analog of Vitamin D, 22-oxacalcitriol (OCT)Suppresses
Parathyroid Hormone Synthesis and Secretion), J.Clin. Invest. 84:728-732, 1989)
LA & 1, 25-(0H) ,~16- 45 23— %R -D,.1, 25— (OH) ,~24— — [} &! -D, F1 1, 25— (OH) ,~24- = [F]
R -22- 4% -D,e BEMRNEHMART 22- BF=BERXMEM (£ R Brown &, “IE#
P E DR R 1EIT N ” (Selective Vitamin D Analogs and their Therapeutic
Applications), Sem. Nephrol 14:156-174,1994, HIRI& T 22- R H W =WRELEMAN
PLIEE K, (2 RERBHIEI PTH mRNA) o KA Y5 K& BB AL =B A0 0CT I H v] EL g3 .
287, OCT 7EJR B HE K RN #0 ) fLE PTH,

[0013] 1,25-(OH),D, M E BB M M BERME M ERA WD —HEUD R 19- =
H -1, 25~ (0H) ,D,. B =FEHXFFRUDRE HEE D, b EWREMEEIER 28 Ffk 22 &b
MU, B R EBRADERE RREEZ DALEYTIFERDR 19 MR . P4 RARSS
JE 40 B B B BS FR D M AR SRR AIE SE 5 19— % FF -1, 25— (0H) ,D, BH 55 1, 25- (OH) ,D, ABALLAY
St PTH B3040 « {583 107M 9 19- Z B ~1, 25— (OH) ,D, 3k 75 X3 PTH BT 52 % (13051
FEXFFL S 18], ZEXT PTH A3 H AN @ H B ER

[0014] Bl )G, ZEAR AT TP B A LA € 19- £ B -1, 25- (OH) ,D, F45 MLiEHE. Bk
I, 1, 25— (OH) ,D, (10ng/ K /10 X ) 5 19- % B -1, 25— (OH,) D, (100ng/ K& /10 K ) LA
ARG B G D ML 75 45 . BRIk, R T =M ANEFIE R 1, 25- (0H) D, (2.4 1 8ng) F119- %
-1, 25— (OH) D, (825 1 75ng) A T KA R. EEURAEWNAJE, SIWE 8 KK
BB U =M BriEm T BN R EZ F AWML EY. BT, 1, 25- (OH) D, !
pre-pro-PTH mRNA 1 PTH 43l . SR T, iXFf RARANANAE A 8ng FIB K RS+ L BEK, IF
Hx#MAEHFESHEMEMNSBRENE. 5—F7E, fEHER 19- 8 -1, 25-(0H) ,D,
AT A L B TS R ME B NS LB ERTAL.

[0015] 19~ £H -1a,25(0H) D, AEFR AW HHEEM 19- £H -1a,25- 5 HE-F

5
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FAEAEE . — Fhobh ST B AL EEE ST F) T LA LL Zemplat® JA Abbott Laboratories, Abbott

Park, 111 B . WAL & kB (Zemplar® )y 5 I IR FEE X E L F) 5 6, 136,799 &, 3 H

T 4% FDA #t#EFH 4 E, A THEH 1B B = (CKD BB 5 BRI H3'E 7% (ESRD) , GFR<15mL/
min/1. 73m%) B4k M AR SE AR TH BE U TR FNVE YT « X ERIK LS &R 2-10 5T /
ZF IS B EE30% (v/v) M ZEE.20% (v/v) MIZEEFIZ 50% (v/v) HIK. BFR
RO, 0 32 B A BRI 5 TN H SK S B PTH, 65 B 45 A K SE RN Em. BT e®
1998 £E 4 F 4% FDA #b7E, B b Ah +F B 41 200, 000 47 855 8252 2 /0 —FUASL B A ERE 57
TEWR IR b, WHSZ B AL B 5 FUVA T 4% & 1 FROIR 35 BR Th e T 0ot i 22 A0 R R A AR 47 b
Mo

[0016]  TE B IR Hh (M AE th R K B vBOE T B P MK B AR B el &, F BT AR YA 9T 5
111, 25- (0H),D, #F— A, (W Delmez &5, “ 75 BEER £ MAE - HAEBM 1% B+
i) 45 B V8 77 ” (Hyperphosphatemia:Its Consequences and Treatment in Patients
with Chronic Renal Disease), Am. J.Kidney Dis.19:303-317,1992; LA K Quarles
%5, “ESRD iy FOPR 55 B Th g Tu ik 0 Bk b O iR 55 38 Bk P9 B A0 = B VR 7T B B AR B AT 143
1%” (Prospective trial of Pulse Oral versus Intravenous Calcitriol Treatment of
Hyperparathyroidism in ESRD),Kidney Int.45:1710-1721,1994) .4k, 3 F KFIEB TR
PRI BERR H R AR & T 3R B T 1, 25— (OH) ,D, J7 V2 T 45 MLAE ARG o (2 W Meyrier
&, “TEL I MBEN B E P ERKBRERAN EWZME” (The Influence of a High
Calcium Carbonate Intake on Bone Disease in Patients undergoing Hemodialysis),
Kidney Int.4:146-153,1973 ;Moriniere &, “7E K # Il & & 1 & & o A & 7 B 5k &
R AREEAE R LE /I 5 B AR 55 IR T BB U BE A R & # 1) ” (Substitution

of Aluminum Hydroxide by High Doses of Calcium Carbonate in Patients on

Chronic Hemodialysis:Disappearance of Hyperaluminaemia and Equal Control
of Hyperparathyroidism), Proc. Eur.Dial Transplant Assoc. 19:784-787, 1983 ;
DA K Slatopolsky &, “ZE R AU ERB/NAEHENM B E P RRGIENBR LS
& 51” (Calcium Carbonate as a Phosphate Binder in Patients with Chronic
Renal Failure Undergoing Dialysis), New Engl.J.Med.315:157-161,1986) ., [ i,
1, 25— (OH) ,D; W) FT LAWY PTH - 45 FO B ER 2 AR B IRE W 814, 4% =2 A T2 )
FedT 4k &t RS IR ThRe oA KA T A .
[0017] B —Fh4edEZEDRMPYEI2- T & -19- X F -(20S)-1a,25- Z 3 F 4
AEED(EXMPHERAM”), BEMMFEPH~E. (ZREXEAFHES
2011/0034426A1) . RE R UL E TR T 1897 48 K it R 5 IR ThRETTHE a4, (22
EEEF S 5,843, 928 L ELA K, 2MD B I H IRAGE5MLIE . 2MD K- HH453) RE B
REFITT LN 1a, 25- (OH) D, B9 10-100 A5 A 7K, [F B 1. 3R 3R H B 45 32 v 4 1) v R 4
. BT XS B BRI R B R B B EE N, 2 H R L, S P 2MD AR T 7 3
LEFTVRIT 4 R M IR R T BE TUBE R 2577
[o018] kK EAMEA
[0019]  FLFECRIN, £ T DALY 2MD L RIFEHIMA M TEA T HENZRER,
BB W7 4R M R SE IR T e ot UKk & 1 FOIR S5 IR Th Re JoE IR BE ) - IRFEIE 2
6
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KDL, 44 DR 2MD H7E RIFHEHINAH FTAATRENZRE N, AW 45
FRDR 35 R Th e 0ot LA 4k A 1 B IR 55 BR T e Tt IR I e

(0020 ZE—FhsEiEs b, AR BIRME T —FRE T RO 48R M AR 52 IR Th RE TU Y
ERAZRELARTERENES 2- THE -19- XF -(205)-1a,25- “REHELEK
D, (2MD) B H: W 25 F £k 1E NS HE RN A4, SR iA T 4k & 1 IR 55 AR D RE U T ANAE B
RZRE R FH TS MERT .

[0021]  FE5 —FPsEfE A a0, Ak SRR ML T — ol i ) R UL HS 4k & 1 PR R 5% IR Th e gk
FIERPZREAHRTENENES 2- EFE -19- £H -(205)-1a,25- _RE4EE
# D, (2MD) BE AT AR BE N B HEARINAEY), RIGIT 4K M B ARF B DD e it BIRER
AR ZIRE 5T =4S MUE RIH .

[0022]  #EX —HpSEiE A, Ak SR AE T —Fudid b TR AR gk Ak FRR S IR T BE T
HRRE PR RERLRITERENAS 2- THHE -19- £H -(205)-1a,25- —¥ %
Y4 % D, (2MD) BRI AT 25 AR AR FIMI AL B9, SRR 4k & 1t B R 55 BR T s Tu i T
AR ZRAE T2 =85 MLAE fI3 .

[0023]  ZEX —FpsEiE Ay s\, Ak B SR AL T — Pl i ) b T R AR 4k A M FRR 5 R DI RETT
HHXETHZRAELARTERENES 2- TFE -19- £H -(205)-1a,25- Z 4
YL 2 D, (2MD) BRI W24 A ERAE NS AT A &9, SRINDT 4k & 1 B R 35 BR Th e yudt 1
FEAR T AN FE BT id 5288 0 35 5 = 475 IURE B 3 7 %

[0024] FE—FhSEHE A A, BTk 2- R -19- £ H - (20S) -1 « , 25- R B4 D, 4
BE AR 0 BR R T B R B A W S BT E S, BL 10ng/ REZ 1 g/ RTEENE
BAY. ki, 3F2k kv BUR SB R DY BE FUBE MIE T BUTRS SR 15, B8 X T 4k At AR 55
FRTHRETTEE RIAEIR A ¥A 7 B TRBS SR, KAk A4 2MD OURREG B A (1. v.) 885, BT
RIFBEAWALRBEESHIERE. SEWFIEN UAEEERY 10ng B4 lug 75 AR
B, Uik, %2705 B =k ik N B ORG24 T2 M BB T VR T R

B 115 BR

[0025] P 1 7RV BH T 13 A A SO AR 2MD HIREIE VAT TR .

loo26] B 2 RN T ERBMEKR BB b X P FRIFIE R 2MD AR IE K 45 2557 i

PTH FI 52,

[0027] &3 HIERH T EREBAER BAER &P AR FE /Y 2MD ) BE FE P 45 245 X V5 45

B o

[0028] P 4 R ULEE T4 A A SO AR 2MD ) D ARYBIT &R -

[0029] 5 WIE R T 7E R BAE K AR E oh - MO E 7 &2 1Y 2MD 9 1 AR4E 2559 1% PTH

ISR

[0030] K6 MERRE TERBERBREEPEMAFRNNERN 19- £ -1q,25- Z8H

Y E D, (7R 4 Zemplar® T 454 ) 10 RG 2 X ILIE PTH RIEZMH .

[0031] 7 HIE R T 7E R B K U AL A SR [R50 8 19 2MD B 1 BRES 25 X I 5 45 1Y

.

[0032] KESHERHTHERBEXRERPEFMAEFERN 19- £F -1a,25- 8K
7
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Y FE D, (AR R4 Zemplar® F44€ ) 10 ARG Z5XT TS PTH BN .

[0033]  [H 9 KRR T #E R BEAE K AR R AR PN [R) U2 9 2MD B O AR 45 25 X6 10 75 3 1)
AN

[0034] P 10 fEIRH THERBE KRB F X MARFIER 19- ZHF -1a,25- ZHFH
P D, (FER 4 Zemplar® TH5EE ) #) D ARES 20X ML BE R B2

[0035] P 11 ROEIRH T 7R BE K BRAR R - MOR RIFUE A 2MD 1) 1 RRES 255 s AL
BREF (ST .

[0036] M 12 FERH T7EREBE K SR P EMARFIER 19- £F -1a,25- ZHE
YA D, (7ERI M4 Zemplar® FHYEE ) {0 BR4h 250 L7 HLERET B 524

[0037] € 13 WEI R TELZ S ALK 1B #HAKRE o &R AR FF &2 1 2uD 1 0 IR
24 L PTH B340 .

[0038]  {¥NHIE

[0039]  AFFTIRITRN / BRTRBH 4k & 1 B S5 IR ph B TU SR v . BT A TR ¥
A AKET T 1 A SGEAT a0 R jE— B iR

[0040]  FRAEZRA & X, BMAEARSCHMEHFFTEBARMB ERERF 54K T E Sk
MEERAANRFTEEEROARPEN. 4P EFRIINIE BRDIER, A6
FEHEIR TN FFAE AR A b 3008 BT B8 5 A4 R B AR 45 & 18 P A 9 U8R e T 3 B D
HEAENBFEEY, UEEHARFEISEHAEL, EEREABFIIHANAESHEX
BRI 2 A F87R T AR ATURE AR KT o 2530 BT AR PO 25 AN A f B g AR AR R BRI
BRI B TR 7E 56 R B X B A FF

[0041]  FEULBHBFAAE R B, RiE “GHE7 Q57 RIFRMEARE, 3 H R iZ 87
BABERE “BRERRT”, XERERE T FMREIERARE “HAR L. IR F0
“plgenee M. BNZIRH, RiE“BE&7.B1F7CRSIEET” F“BF” a L E#RAGH.
[0042]  H“ZEARLPFRWMFERPHEHN, BEEFHEBNERAEBELSHERY, B
T XHBERRZ M. o, ERABBHIBR ARE “— AR FBD—AN
CIDREE: 2355

[0043]  H3RALEAVERER, NAZEAE, 76 TR YE B LT PR (B AN = B (EUR0 = [AME
HE T A B F A, CAK BT IR BRI I 3 Bl P PR T JEC Atk R 3 (1) B ) 1 4, 040 ¥8R 25 1
Bk E TR Z W .

[0044]  HukyEFIZEA ST AT #E RE “4” PEERR. RiEYQ” ERCHHEHT
HE 2 G FHER T UL R IR SR D T AR E 2 B B F SRR S0 SR Ao
EHFRBFRIOSIEUT EARR TR, BE S0 IR BOR B E T L RTER Y
f BT SRR T AR F HEARE R MR ECE, B — R 2§ B4 0E 3
EEEER T 10% S BiME .

[0045] BT ANTFRI T TAFRER BE PIRIT M / BB 2R R RYLEE Tt &
B B T DR EARRR T B A 28 XS R A B A Ao sUEAS f5 14k R P B ARALEE TT
B RE . FENEET UAETEERR T EE A X RG0S EEERe FTEEE
FA RGNS EM FRIEABETTHEN RS . BENEETUARETEETNEE. B2

8
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B BB T VR E AR T 50 B i RIS B A E (518 MR AR ¢ /N s AR IR A
RAEHMERIEF AR, £ B AES R4 £ R Y ) BI85 R T EHEE KKK 44
RUERRBHE TN ES . FENBETURBARN R TN KBETE LR DG
ZEFRAR AR DFIMAKREESEIE (B RERNMEEKT) NERNBFHRE
RS A A gkt R IR LRE T R B .

[0046]  FTAFFHI LTI FAFERBE DI/ BB 48 & 4 RV RE TTRERY
FER. WIE AN T ERTT R/ BB B4k & AR BR PR TOst RER AT LEFEE A
FRF EBES54L 4101 ( Sh BT 45 7E B Rk AP R 45 SR I 5 | 2 ) B 40 4R 1935 32 ANV 2 ) 5
T2) D UE H R ;7% PR D AR i (RREE ) MR8 (FTAE) . &
IEA T BT EETT RN / SUTRBS (4 A R BRATL BB T3 A SLARAE IR VT LAELHE - ¥ PTH,
1 75 B AN .55 BRI /K B3R o It A A T B 5 89T 0 / BUTRBI 48k tH FOR AR DA
TURE R ELABREIR BT LAEHE B BRI, B, BT R (B3, Xk, B4 A,
He R0, ULA RS R, B LR B AR TR . B AR FFR T iEIGIT F / BB 4k & it
HURBRPLRE TTIE B 9 AMER P AR %57, B IR AR AR .

[0047] LARTEIESE, B RE LR BLAZ 300ng 1a,25- ZFHEHEAEED,®A, 2500 ,Dy),
AT DB R R O R T A R TR R R . (2 W James Wonkee Kim,
“la,25- ZRFEEEED, N REELL IR MRL/MpJ-fas/1pr BEE RN ” (Effects
of 1a,25-dihydroxyvitamin Dson the MRL/MpJ-fas/lpr model of systemic lupus
erythematosus), (Ph.D. #£3C,University of Wisconsin-Madison(2009)). #/, AT
% BN, ERA A BIRAE (SLE) AFIMRL/MpJ-FAS™ (MRL/1pr) /NS, 4525 1 a , 25— —
A D, (1, 25(0H) D) SEAMIETEARE. (SREL). R, XMETBEH
FEENESIE. SEME (BRSPS KPRE ) 7SR ERN S48~ G55k
T-. BRI, 518 N2) 2mg/100ml 4NN 5B S45 MG, ¢ B\ A | AR,
57K R BT 2mg/100m] 47\ A & T B s 45 MUAE , H B W) BAS AR B A 00 REEFD 32 30 Bk Y
k. BAR, BT 51 MBS MLE , X b-& 9 A R XS TV 77 BUTR 4% kO 55 BR T e
TUBE B AR R R A R B AR .«

[0048] 2- TF FF % -19- 3 B —(20S)-1a,25- — ¥ # 4 4 & D,(2MD) & 1, 25(0H) ,D,
H—F R, EEWBRY BB AFRENEANR T, BB KESREKREZN.
2D M BEAR A AR AE 1998 F 12 A 1 HHARIAEE R “2- Wi dE -19- =R -E4ER DS
#” (2-Alkylidene-19-Nor-Vitamin D Compounds) HIZEEEF|S 5, 843, 928 H 52 #Hh
U BAANHEIR , B i T i BE 5 B AR i 225 H NS . 2MD (AR ) 25 iE P B 7 36
[E & F)5 5,843, 928 il Shevde 4§, “1 a, 25~ “HYEA R D, FR IR EFEHHFE S
BHH” (A Potent Analog of 1a,25-dihydroxyvitamin D,Selectively Induces Bone
Formation), PNAS, Vol. 99, No. 21pp 13487-13491(2002) b, — & B #E T S X HF ALK
X

[0049]  ZEASCHAFFHIFT L, 2MD AT ARG 45 25 LAYA YT FI / BUTRRT 4k & 1 RO 5% IR Th &g
FUHERD / B AR BE RO IR T AN 5 | 7™ B Y AT ML , [ B 3 U iR Hh RN LR B K B
K PR M3+ PTH 7K PR 1K

[0050]  pbAb, ZEARSCHR A TR AR, B RS 8% ULERFF A0 PTH R97KF, 2MD "T A

9
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F 87 ROV B 4% 1t FFOIR 55 AR Th Bk Ui AT EE M S L AR R RAEAR , T AR5 RS ™= EE 1)
S L JE .

[0051]  HAEASCARFEAR, “ES0AE" RIS MK+ ET 2mg/100ml BIH = HIESKE. 76
EHEZRED, FHKFLH 9-10. 5mg/dL 8 2. 2-2. 6mmol/L. E/CE BHASIMIE (BIE5/KEH
F 15-16mg/dL BX 3. 75-4mmol/L) HIETEH, W] RE R4 B Rk A O RIS 4

[0052] b, AKBFRETHENZAELAGRTERAEN2- T HF E-19- %
H -(20S)-1 a, 25- Z#FYEAFK D, (2MD) BRI T2 35, 7898 MURG & A2 4k A 1 B AR 55 BRI
RETUEERY 2R YR T AN / BUTRBA 4% R M IR 35 AR Th e TURE AN / B AEBERORER , FIFER
DL 4k A M B R 55 AR Th BE TUEE URE R B 2 B T v T A/ BT 4k k1t BRI 35 R T BE T
HERD / SR EAEBEREER, TIAERT R R RE T F S =45 MUE K3 7, b 20 R FEW
I :

[0053]

[0054]  ZEASCHE A, “TRRE” Bk TG FE L3R B 4k i 1 B4R 55 BR Th e Tt i I PR
RER . IXRERI TR SE B L IR B e RS R AR 4k R 1 FP R S5 AR Th BE Tuat i 52 v, a4k
KM BRAR 38 B Th RE TUE A B BB FEE R R T M PTH. BRI VLR K P A 5 K AR LT
YR IE R RS ThRE. Wik, RGP B2 R E TR TT LRI AT S T4 R M R
RSB BRTBE TR B A - 7E 5230 P TRBH 4k & M AR 35 IR Sh R Fu it il 4T E A 354 HI e+ 1k
2% 5% 1tk FROIR 35 BR Th B FUHE R A . I SR AR Lk 4k R M FUIR 35 R Th R 7Tt B R AR LR A
&35 P I E L5 PTH. BEFALES B KBTI i R

[0055] H{EACHMEHR, “ER7 % FER BREERFHITENNZAERER
BB 2 5k 3 1B MR (CKD) B E P RILA T ThEE IR, Bl St =k . st
RGEMAEVEBR SR sl EH SR BT TR B SR EREBRE S it
MW R EEAE AR S 4 B B E VTR S0 B 45A  JER A= v ONT . s 4 1

10



ON 104394871 A i BB P 9/16 T

GNTT. BB B9 SN A 1 B3 SR E M /N ER S K B 40 MR . B 45 RO e B R
FRBVIE VB % 1A BRE-A T £ 3 M % (BEERE B ON R ME B B sh ke 2. 5 3
Bk 7 B R RERS S E FLSKIRZE. T BV NE R PR, 1T BV NVEHRTE VTR AR,
'35 K I AR T o

[0056] “BR7EHEAEBHCHENEZS (Hla'E hekigd#% (GFR) /NF 15mL/
min/1. 73m’ A AW BEERITE RRD)) EE, BFEBR7HZRAENTEAFCREES
WEEL 3 ANAMZRE, T FREdEE S EE GFR BRSNS R E
e 3 iR RE S RENRESRE SAREY, BF M E R T M4 BT 5 S B R
W BRI . SREFEYEERT 24-HR H:t7=MER KT 3000 g/ REH
. (W3 15,Am. J. of Kidney Diseases, v. 39, no. 2, Suppl. 1 (Feb. 2002), pp. 546-575,
BESEHFARL ). X—EXTUEEEEBITHES.

[0057]  HTEARSCHMAIN, BFH “PrE 2 184 B (CKD) ” i EE RIERIE GFR B %
fik (60-89mL/min/1. 73n”) W1 . FIREME VR EER E R F I EY, B LK
SRR B B R GEARIRE . BE OB 318MHEW (CKD) "H B E 2HERIH GFR T &
B&AR (30-59mL/min/1. 73m’) M E#E . RIEERIIHE S TE A AR B 3A(GFR 45-59) &
MrE% 3B(GFR 30-44) Z B X 4, I FIMgfEE 2B . SR FERMBEHEZER,
%, Am. J. of Kidney Disease, V. 39, No. 2, Suppl. 1, February 2002, @it 5% ALK,
[0058]  HTEASCHMAN, “ZikE” AEW IR INY . “THIAIY” IR
PRMIATAT B 5, EFEER R F A 3E AL R K i pl n B E F RSB R
BN A L VSR E L SERRE, K BB Ge MRS SEIE R FE MG St oK L
NERAERE. BRI aERBEARRTEEE, RiE“ZRE” MerreeFin
BRI . AR B BT AT B R 2R E R A BB IR T B R M BENT K. KRB«
RE” EARCH A LS ARE “BEH” 8 “Me” BEHfEA.

[0059]  HEARSCHMFAR, “AZ” RIEH WA NG AF, EB R, IEW
P HEE AR, SHEEERRTORRE BLGE TG GBE BB RET.
PR PR B K P AL PR P S, BRCR BN et VA A T ) oA B [ R 2 U TE K

[0060] HZEARXFFHAR, “VBIFHR”RIE—EENLEY, YA 2ZREHTHE
¥ BTSSR e, 2 LABRAT BT i B RO X BE VT BT . “Wir AR ” IR &Y.
RWITERRES HFHETRRNES. ZRAENFER AN ERE. SAEEMER.
FHRETHREEMEA B AIB AR RERTAR. EASC BT 2 FF I, BRI g5 R
Harlan-Sprague Dawley KA 25 JURIFIE 7K/ 2MD, EAS & B & =45 MAE. FRAT
RO, BRKRER 21/2 9% / TRAKE (ng/kg bw) I 2MD & LATRRS FIvay7 48 Kk AR
52 BRTHRE UL BR TR BRIG T 4k & 1 FUR 35 IR Th e ru it BVEE R, T AR R LB 5K F . st4t,
TEHL EE LT, /R 400ng (9 2MD B 7~ HH I PTH 7K SERYABIT 60 % A BEAR, [F) B 5 i 75 45
KGR EEE FIEEHTERZA (B 13).

(0061] FE—FPSEHET AP, BT HREEL 10ng/ REL 1u g/ RZIH, RikH2Y 20ng/
REA lug/ RZBEIWTEERN. EEMRIEMNSSHETRP, BT ERAREY 40ng/ REYH
600ng/ K2 [A]EkZ) 50ng/ KREL 600ng/ K A FIVEEIN . FEBRRIERIERES P, BTH
MEAEL 100ng/ KREL 400ng/ K2 I8 FITERE A
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[0062]  HFEARICHREAR, AT BURE TR KR M FFOIR 55 AR Th BB TURE B IR PRAEAR F 2k
BRI . RPRRER I B0  S2A7 BRTH KB 36 0 an 4k R M BROIR 35 BR Th B TUk A RER 19
BELLE 7= P v 3 Bt PR W 2 B 5 | AR BT A IR R vl 4572, X5 A 2MD B9 97 i L i
IS BEAR ML PTH. 175 B B 15 UBR B /K i & . Bk, ¥R Y7 T LA ILFE PTH. I 7
B BRI LER BT i B b /020 20% « 7E—FP ST 7 AP, B2 Lyl P i PTH. I35 5%
B 75 LR BT A B4R D 2 20-40 % BREY 35-50% . 4k M FFUIR 55 IR Th 6 7U3E A A g 2R
RGL18 KRR BRI T ARGUIRB AN f Sk 362 B A, 3 B AT LUK A 1E 7R
TR MR B IR T RE FUBE RS M, REFE S R AR ARG H RESRIRNA ™ E %
IR ED 7] .

[0063] FHRAIMEDE T HIRTERXE LRI 5,843,928 &, FAIEE N ETTE T
VW, B R TEIE & WV R BR B A b R FLI . BB B R, BRI A 5 Bl 8k & A
FI R RRBEHIZS N A . HARE T T LERBR AT 25 H B EFE R, flinfe e
FUSHUEALT R A 35 B R SR 3F) BR B IR 7 R0 S B TS 7 o

[o064]  FE—FPSCiE T A, 2VD (L AR AEFT AT I HE R A A RTEE AP RS (APD) .
APT A LAME A TETT B v 77 o FIVE VR 7238 & BV TR BRE A LV By B o B R E S
R 254 B . APT b AT DU B & A P 1] 4 1) 25 A2 T o6t s - A [) 10 AR 28, 4 U5
P el B . IXFERIZYEC 7 AT DL &7 AR IS & 245 1 USP bR o vE a4 B
H i A R F BT KA B G FAFIR / SRR, LA AR G USP HikvE R TS 1
ESL i) %

[0065]  API A LLOIAR.RTH. B B AP EE R EERASLY . WEYUFEREENTE
VAV, BRI ST ERER K N i RA Y. REFIE T UEER . RE. . R RES TERMEK
iR EER N VT

[oo66]  FEFELLSTE A A, AT LAKF APT IR 2457, Al TI6IE 4T 10ng/ REL 1u g/ K
2 8 AL 20ng/ REL 11 g/ R (A LR 40ng/ RE Y 600ng/ R A EE K
%) 50ng 4y 600ng 2 [8] . B AL EHL) 100ng/ REL 400ng/ K2 RIFITEE N HIFIE. API
0355 45 BE 1 78 BT A T T3 B Bk ya 77 4k A B R 55 B Sh B Uk BUA T 1B Bva o7 4k kP R
ZRRTIEE U R ZFIF . B, A B E AR M ES A EAKF T WEER 2MD 1 IE
MR . XFERFIEBMAZ R USRE, CUEN FHRFAIN BN RE. BENEE /
RS / B RN HoA S AN HI9E .

[0067] #IZy LE AW DRBIARE (BHRABYIBERSR, HEMEARBIENG R
—E BRI AR, T A S B EEE r] 5 ) LI b E3E FDA fEHERIAN /
ok USP #LAEMI TEIE MRS« 7E 21CFR 210. 3(b) (8) T, TLiEME > R 25/ I B AE 1R 4t
25 TS W P B F A BB AN, BRI A\ R BRI It B 1 B G5 M B AT Th Be AT
A4y . SRS BIETT A MEENLHLETN, H U e AR Eim SR
FEEREREETARPNARAS . JESPFERAN, AFESR (BERIFTE) &
A B BRITF RS .

[oo68]  HZEACHMAN, “ O ARFIES” 7T LAEIEREE (B b SRR T Y B i [ 14 D
RFAEL) , KA e s — B AN E SR A E R H TN AW FEHB LI R, I
BE AR FEES EA] DL BB vk BRAF 4 32 B At 3E & O AT Rk e, 7T DA 8K A% )
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I BT AT LGS ST A B AR BB AR B Sy . O IR 2L 4 P LU R B BB AR Bk, Hep
¥ )33 70 e IE A T I B RSB A B T BB AT VA AR B “Ah R . AR B
W] AR ERURL 9 T8 3, ik Bk S48 M In A 1R B 0 8K, B R IR B I B AR IR B Y 5K,
Hrh 2k a3 70 B iE-E B 2 B3 B AR A B BB Y FT s P A AR B AP e . IS,
A] LUK IR BB AR TR € B P, H UL SR BRI B e I — M Ry Al tL, =00
SO REARES 2R 1 T BT — FhER S 2]

[o069] I ARFIZYE T LUR SER BEUR ZE , H o 25 W4 .4 7 & & 70 =X 00 A e o1 A O
BB AT A AR N, OF B AN RS 255 SL B AR AR IR 259 (R )
Bl e R v B AR ) R SE AR BT Y . 25 B AE R R A A B “ A58 7 N RVREIR B
TOERRL IR, WRH AR . XL, WA 5 R O E BAR BRI TE 5,
ks 2 Y R BOER B EBA R G 1k IR BEBUR R IR AT BB R, 1
2R

[0070]  JtAb, K IR B R AETE 2 ML AL A, LU 4 4 7 U B A7 72 0 — b B
HYHLL, 20 AFRRA TR T AR MR Y. WIRERRE (KT
Py B 7E B E A T 2 A B R 1 S O T BT B T A P 2 A A B AR B sl
B, BRER AR EER, IMER AR ) MAERNRE (R E AR, 1
th 2544 B B AR B VR N £ TR A L SURE R B H i T HE 28, O B R LR LR ST A A
o8 SR ) ) RTV E B RS TR )

(00711 SEH, 35 P AR P LA VA A BB TR AE WA AT B AT LR SIURL (/MR F BRARAL )
BRKL (5 BN S B A e e B 2L B 25 6 RS F) /A B T 8 1 40 5, FC Tt R T
B AR R I ) SRR B HERRL (—FhEAFIZY, K24 5 KU
BB R, B S0RL A HE N A R B AR, JF BH LS 4R 25 % U5 B A7 7 i) — P B 2
ZIYIRALL, SRR PR K7 SR — MR B P25 ) -

[o072] HAREXGFEAF ( BT DRSS 2505 255 /N B B A5 R k7l
(FTREE 75 W IRESM R I TR A8 25 AN / BiAL 2RI VTR &4 ) (B (3%
BT B E AR S KRG 8D RMER ) O&ERE (ZFAR
TR AR B BT AD R UR BN PR S AR, ELE RE R R 2 FOR IR D s b ) SRR (8
B I B FE AR BRI AR 2R ) T IRV AR TR A T BB ZE B SR ARG Atk A1 i i 2 RO 4E
A AR AT AL, BF OREB) A F (SF AW HERAHEE S AR E A5
£ RENE R T RE R AR 2 TR BN R E & AR T B T R Y, LA O
A ORI NI B YD, Bid 5k B ) 5 T B W I BB TRl & AMRERIR ) B
FFUERIE R BETBOR 7 BT 4 HOR ) VR 7R SR R TEOR A T A 7 B R A
BRI, Fooh A RIS AR AR B L A S AT LEE RN BRI TR N AT A

[0073]  ZEHAbTEr, WTLURGEEEA A7) & A A 2 B B 7SR RIS |2 il
o BB R HI R ST 0 E TR N WAELL, 20 AR RS MR, DRAMRR
F BB A S SRR TBOR R ATV P A ) R R BB A NSE R E S

[0074]  DCIARFFUALLE &4 PT LAEL & VE ML 25 P B o0 A0 — b B 26 b T 1 25 ) e ) an A
I HEE T B R A R RIEBRR AW G R A SR R LT E B R
BRI PUEAT B8 A7) B0k R N0 SR FE 5 BV R S R (5 B 7 2 L B
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BETH M EIEE TR ) & . & FDA fituE AR T JCIE M R4 BT BATE FDA R “T0iE MR
SHIEFE” (The Inactive Ingredients Database) T 33|, ZEIEESHHIEHEEHT
Ik B B R TESE M LAY, EoFRAREE 21CFR 210. 3 (b) (7) 4 S B AR B X, To i M AR
S AERE L RE LT A AR TS . RS R R T SR BT A DA SRR E A
TE MR R I R AF S

[0075]  47E A 3 AR A B, AT VAR A R A 1 5 A HE ABAS BR T T S BE B4, B e i
A M ERER T A g Ak B B e R AR R OO Z B89, o Al T EE 49 5) « &
ETEFIFE B 7R B AME R RS, RIE A1 s IEW USP B X, 7718 5 MpARIREY
R SR . BB TE . EREFIFIM IR, B B MR AR IR &Y
HESR, BEEEH.

[oo76] bR AR FHEBEF BT, LELEG, 5 EEW UL TR B 5+
15 FBIUS W T B i 5 O 70, = B I, HIEE M LB s T8 B SME B &
W H TR PR B R S A R TR ), KR THE WA R TRNHR, SEEWHET
151 B AME T, LA B AR SV TE E A SR T RRE AR B Bl B A B g PO B i, H
AT EBE Y R AR RUZE N EK A ) T mE S R a1k
F), HEBESGHET (“BHRTE) $I&0EER TERPIFE, ik G+ 28 RERKE S
T, R RS T A= S BR 2 KRR .

[0077] X S7EFTREEA IR LAF= A ZE BT R 7 T A5 & vE ST B SK VAW s TR &
IR, BTk B R B A B AMEF M & BB EE S RSN Bih a5
THL 75 - 70 B v R B VR A i 77 :E‘E%?%%ﬁﬂ‘]%%ﬂﬁﬁ%? (“BHTH”) Skil&, B
RGT R REWRRE ST, R GRS T AR R KSR 5 ER, K2 ST W%
FETE TS S A B RIS B S S FI IR A4 I —Fh B2 T 254 BRI 5
Wk gy, 12T B AME R R TC R &5, TR INE A MR e = R TR T AT A
[0078]  VEST BV A IE A T S ROVBAAR I, B B 40 BOAE L AN T o RN BOHE R
4 B AACRE T 4 B, T S VROME At BT LA B 43 BRCEE AN /K P A R B v AR B A3 FRCEE A il AR R K
AR AR . BE AT S B A &IES TS B ARSI, 2 i o AN K AR i i
MIER, LAME I B AG R AR G BB AR A R B0 i B 02 B, oA Al TR s 2y i e 3
IR R E R BUK MR B ) B RR A S E S TS R ARSI, 2B a8k 1
ANES T H: A BB AN T i AR TR . TR, 24 S A S v B i B VR B X 7 AT
7, X 5 B FEME LT TR UK .

[0079] FH B EARKATE P L HEIZ LEAFBREF, HlmE A ILE R G
FIVEVEF BRI AR I A R pH L BUEAL T B R B AE
YIB FE BB B BTk B R RIAE BRI . B A T B AMA SIS T 77 fE i
0,85 35 M A0 B T R e o K T R, AR e B 2 AR I IS

lo0g80]  MY7EA T E K, MAFIBREFERET ABEK, HREER N TERFEH R
7 ¥E MR BO 7 b, BRI IT B R R S E A MR RS E BN, B 3R 1 i A 2 &k
R BEHE RIS (BB .0 GERMETRER) 3t (RASER) F 8K
We, B R & —PhEk £ FhiE M 2 - RIS PE A K M B R K P A R4 57 B ) 2, Hoep
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IR F 38 (RiELE) M (BVR/KBMAER ), NHEHARE Bk, 7+ B AR
BEFVETHME (L) AR (BIRMAEAKISED ), THE B8 5 BRI AR MR T &S
e, FLR e v B B B I B, BTl RIE S BE fE VPRI — BIMEE SR
SER, HRIEE N TR R AR AETT 5 MR 897 &, Brdia iy it
FTERE A I R GUR RETR - AR R, H R Y 48 S AR A 57 DA SR A4
7= AR IR Bk BT 7 B 00 B SRR i 5F BLE R T2 K PR
[0081]  H7EASCHfE AT, & B A B AR AN R T 7, HRE® &7 B R
BIXRGE, BB B SR EROSMERAL i, B R RR S AU B SRR IR A Bl TR E
Bhizk, JF BER TG A, B3 el B 34 2 B AR AR TEEE AP 5 DR A B AR R 2E
BY 3% By, A6 B 5T i PR RN A TR o B 40 A AR SR B B

[0082]  Z47E A 3Crh s A I, 2% T 770 BY A9 AUk b B 0 B0 & PP R RIFURL, B andesn (—
P FLIB AR AR TR, F AR R R — R T BRSNS ) 3RS ( — ISR 25 id X Y
BEFUFIRY, Hrh 358N RIS R P 25 ISR AL ) RERR (— 870 TR LA D ¥ v B 2 2
HOARIRAE R A S B AR 2, B R m] LA B RIALT ) MEE (—FhE [ R, @
EEE DT 20% KT HR YA Z F 50% MR B L TR AE A A B, H P s—
FR T AR FH 21 B BRERORE A )

[0083]  ESRIKE (—FhHESRZIYLARIHE FIZY, Hrp i m AR IEF R P2 YIRISREE ) |
FEF (—FRILBEE E AR, EE S H BT 20% KK R YA / 8F 50% B2,
BEERZ JCRE ) T AR B, He P IR R — R T A0 B P 2 B AR ORI . 3SR AR R
(BERRZY YR A IR R, K RN RIEF R h AR ) R (— MHaedED
P Ah AN TR VB B P AE R U B TR0 Y, — VB AE DA B0 P B 4 RO 0 RCEE — AU
— TP B PP AL TR A B 53— Fh B SN AR BB S AR o, B rp FLIBA R R R BUARTE, BR Ak
& BRI AR B AR G RE ) B (RS 2 B A B R R AR T
IV ARTIRL ) R IR ORI I (—Fb &0 41 /070 BRAE AR SR P B 20-50 96 B K G
[ 4 £ 2 T 4770 2, L op Bk 70 B — R A T 4 B 0 R B B AR BRI ) L ( — M i 1
SRR, HE& B WA BT R ETKR ST N — M E M £ iR ) Mt
FILREEH .

[o084) iyt (—FPREBEEISFIRERIFIE, EHEH TRERAMLE ) BREWRAE
BB FIIA B B, WHAEREEER (&7 2 BIFER A B 89— Fh 82 Fh i
AP FHIBAR BB V5 77, HoAR A T v Sk R Sk B F8 4 A B RS I A D
SBIAEE (BIEH —FPal S P v s sy 2R TV P 70 7K 1 BRAR A 1 044 R0 4 32 570 9 371
B SRAERE AL T B AE SR o L B R K B SR B, T HE R AR R BV R, I BLan SR o
AT A EREESAR o L BRI ALK ISR, T HE 5 2 BB A R AR ) (R (B =S
SR ZEVR IR ST 40 43 FOWRAA ) (T B (—Fb e B R AR IR I Y, BTk I Se A ERRIR
IR S 0 KE BII% ) FIEENIR (—Hh & 2 e AN BT B B R H9 fs iil
7, FEREUH AR T N B A 40 4 B 4 2 3 e P » 30 PR ) PR e T A P 28 B2 A )
BREER.

[o085]  JeifR ( —2RKHERT, HR HRIARIZE R /N TR T BB WL 74 R BB BT 4L Ak
(B RGE——H P 41 EAREE A & BB, B 0K ) MR (ENE
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N2 ) AR IERR R (— MRS Yt R, HE KN R
DA{GE AE I v BRFE 40 2 b 4 3B 2 O 250K ) FIeT e R (S S Remtind 5 T
FEEERE ), BEEAW.

[0086] ¥4 (—FEHAHWNZ I AR R, CEEEH TRARS ALY
FTEE, EPEa@ s RERER) K7 (SFEWN— NIAERX R ARy E, 2
T AT AR E R MR — AN K, R B R PR EE A THAAYERAETES) .
[0087] W5H (—FEESHBRMATERMAGYEIE RS, 85 AR S 4 by sh e
A EH RS IS B SE R 4 3h 3 R R 308 %, 3F BB TG, B oy ik 3 B 44
KIS RE RSN, FARFNEAE R SARE “EIRBRER” 1 “RE” F X ), EIRBR
MR (—FREU A i X R, HoB AN 77 A8 5 1E 4 H AR B tn s
8B B A B R 25 ) AR R BYAEAE I 25 0 AH LU PR R R 2 ER ) , F TSR IE IR B 1K
W R (—FPoREUSZ AR B B R APk R4, HBR IR 77 A ER 51EAH
FIF) B 451 0 s R B B B R AR S ) ) L B AR B R A S WA EE BRAR G 2R ) 55 &b
ZRTHI 7 29t 7T DABCE i o B RE I SZ 3BT PR TS

[o088] REFIEASYSHIEHAY RS FI—Fh 2 P TTEE AP S BB R . &
7 B A A AGH] R E R (B A RS T R B
TR CFEWEF (BB R R IR R EE AN 2 olE ) 45, &P FDA L
YRR T RS 7] LALE FDA B “vE 0 8t#E % ” (The Inactive Ingredients
Database) HF#E, ZHEESFHIIER S T B KWW LIE RS, P R$E 21CFR
210. 3(b) (7) =H¢h HvE MR 8 S, ToiE o 78 FE Lo 5 100 R A T DA 24 VR3S M Rl A o
RS R E R T 7= BT AT LA A/ E R vE B R vE M I Bl 1 R SE 4

L e

[0089] 4% H F THI #Y) SE M1 AU B H T U B Y B K, T ANIT 45 DA A7 7 3K PR 1 A i B
(ISE . BT ik S HE 19 13t B, 2MD 33X b B3 470 48 WA O E B BOBRAR E IO TIB ALV T F B
1, 25 (OH) ,D, B2 ANY), ZEFRB FOVEFT 4k eV FOIR 35 AR DD Be Ttk R EARFHER P th R EE
M. ZEEBEHFARBHRORRFBATHARER, 8H OBRAMEEAR (ip) 24D 45255/ i
SRS PIAR LG, P A R R PTH. BEAI LR BT K, BT i PTH. BERTULERET #0215 =
S ITER Y. BESh, 2MD L2 FE AT R LI 5 AR B K F T AR BUR A PTH. BEALER BT K

3,
[0090]  sEjafs 1
(00911 #EFHE

[0092] W HIKAR KRB, K%K FF. NI WG H B Sprague-Dawley K B M
Harlan(Madison, Wis.) 3kf8. 7 10-13 REENHE, BEiDHW— M ER =02 —BE.
—RE, BRI —ATENE . RERY NS BERIBRE S 0.6% Ca F0 0. 9% BEAM
Redp it 44 2 ADLE A0 K AL RImE G SR & (Suda %5, ZiMLIRG GBI IR B (Purified
Rodent Diet-Diet)11). /KFRBHIRMUFEEIRA.

[0093] BHAFE. SIPHAFREFE EXRCRENBSENBREBEEXNET (EFARZ
) BABNERBLKRET (FARL—RA) . B35 4R 68 2 72 T BRI 25
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2 5% AEBEE T . REEHEREREGRIBM 12 DL,

[0094] BITH AL XFRBANRE, ¥a3IeIREVATA (14-15 B3y / 4H) , LE
FAHAFAHRFFER PTH KF.

[0095]  ZHFIHIE (AFRECH ). BHHEXT AT RLE IS AT B 4B (% ) 1 Neobee i,
BE,REET 2 Z 8CTAFREIE.

looes] 2§ # %4 &% (2MD B 7 ). 2MD B2 5 (DP0O1, Sigma Aldrich Fine
Chemicals, Madison, Wis.) N F4)& B 5EEH UV 46 6B EE (HERE= 42,000 ;
A o = 252nm) W58 ZEEAE VAR . SR HARFR T Neobee JHINAVATR, FHE R
BB HFAERNBE 5% L. MARFE, MAFINZEUFRLZESEET 5% . K
BIREHEHE 2 2 8C,

[0097]  ZHFNAZE k. A 2MD B L 0. 5ml /kg AEMES R —RORES A FE
H 8, A= REENG I 4 .

[0098]  IfiL¥E FARFZRRILE (PTH) K. A “ig PTH AKF”, BATE TR i FARSZ IRBI
1 PTH F2 . PTH 2 B &RI45 B KR EERREY, 3 B 32 M 45K F H#E 4.
1 [ M55 7K S 5 | 4 B U PTH 880, 10 /& RO XI5 7K P46 PTH B f. IEH (BN 10-55 K&
REZF (pg/nl) . FARIE 4 BARBITIFGE 4 508 A, NESEKIE MW HEHRXRBE T
Immutopics, Inc. (San Clemente, Calif.) I KER BioActive Intact PTH ELISA &5 &
BAYNEEMTE PTH HIVRE .

[0099]  IMEFHT. FARE 4 FFIGIT FFEa/E 470 8 B, \NE R LRI YI Eah kWi £ i
V. A VR RIRREE , SRR LA 3000xg B0 15 0. B IMEERBEIRREE, HE -20C
TAEMT. BB METE 0. 1 % TP RE, FERTFRES 66 E T (Perkin Elmer
3110 &, Shelton, Conn. ) LB, il € £57KF.

lot00]  BEMIEE. FAE 4 ARG )G 8 A, NG R LR FIMKI RS KR E M. £
ML RAE BRI, SR )5 LL 3000xg BS.L» 156 4. K EHEBIRAKE, H7E 20CTFAF
17 . HEAREKS T (Pentra 400,Horiba ABX Diagnostics——France ;{# FIB§4HER £h 1)
UV 7793 ) W E K.

[o101]  WIBREFIEVE . W& i HIEREF K2 15 B L Ee RS i A A BBR 7. AL
ERET 2 B U AR BERUURET R IR O FUR Y . NIBREF 4 REL K I B SRR
BRIE . WUERET % & R uEid, B bt i v MLEBREF K P E s T 15/ akigid Z (GFR) . B HLRERE
5B IE T IUER BT 1 8 47, H BB ER I FH 5. L SR 375 ALER B /K ~E A0 6%, GFR A A 2
SR, ZRERNEMBOA R RS ThEER 75 % I3 K.

[0102] 7 FHIMISEHEGIS, ZEF ARG 4 BRBIT FFEIE 8 FRVTAN s ULERET K. NER
SEISENE B K L . 8 MR SIRERSS, 485 LA 3000xg B0 15 S04, K iiE
BRIRWEE, FHE -20C FARAGMER . NBRET/KFERAIGKRS#1X (Pentra 400, Horiba
ABX Diagnostics——France ;Jaffe X ) RMllE, HBIER T ZHRM BT R. &£
7 % B — sz o5 R, BhE R R A R B ERIT G, I8 LR B 7K S & 2D B4
30%.

[0103]  sCjtafsl 2

[0104] ‘
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[0105] [ 1 RERHU TR 2MD i ip VEIr HE. A 2 FER, BA =KL bng/kg bw
K7 ip 4525 2MD FE 1E T 1M PTH 7, 3F EL¥E 10ng/kg bw 5E T #IHIfEEE PTH AKSF. 0
K 3 R, HEAZ 10ng/kg bw BIFIE A 1E, 2MD [ ip AHAH = MBS KF.

[o106] Sl 3

[o107] REREAFMA - oMD 5 Zemplar® [ O AR T L

[0108] [ 4 7RERH T 2MD B ARIETT R . WA 5 H TR, LA 1-5ng/kg bw F)H
F & DR 2 2MD FRAE T 107 PTH /K SE AR s H MR . MR BRI VG IT I 8 AN+

gk, il 6 FHT7R, B 30-300ng/kg bw FI4E H 7 E 0 R4 25 Zemplar®fH 1E T ifu i PTH 7K

AR, (HREBEE SRR RT R ZBITRE. B 7/RH T HOARE T, 7E Sng/kg bw i)

2MD & T MEBIGKR F EEMNIESARE. B 8/l T HOARG AN, 7E 100 F1 300ng/

kg bw ffj Zemplar® 3| & T W2 H s K B 3& 1 iE 85 = .

[0109] 40/ 9 HHT7R, LA 1-5ng/kg bw K94 HFIE O AREE 25 2MD 72 'B DI R% 19K B A BRI
KT, MR, Zemplar® 1 R4S 25 7E B AT B B K B AN FRR IS B P

[o110]  fwPE 11 BT, B 1-5ng/kg bw K145 H 72 D AR 24 2MD 5 R2-5 47 Bk B sh A

EE R I 135 VR BT 7K P . AH &, Zemplar® g [0 AR 45 24 5 A FRxd TR B 0 AH L PR AR I E AL

ERET /K, (B2 R B3R & M5 S W FRRKFE 41T

01111  sEjfafpl 4

[0112] 1B Bl “ 1 1 Ak 25

01131 KB 13 7~"HH TE:E—@YU 110 élm (ng) m%ugme@eéﬁtaﬁuﬂ& 575 OMD 3t 28

R, M IM3E PTH 7K A% 21% , 3F B 440ng 5 EAF 10 PTH /KR 67% .

lo114] HUERIMEE

[0115]  7E'FTESB MR RARAIch, 2MD B 2- W H 3 -19- £ H - (20S) -1 a, 25- “HHEH4E

D, BB G K M AR S IR INRETUEE . BR T AN 2 — AN B W B F AR B Bk

HETEBRE TR, BEMLRPF=EREN PTH/AKF. DEBHBEHA=KXRKT7 0K

2R 15 R 9 4524 2MD, ¥ A PTH BOFERRAKSE. BhAt, 2MD B B 1k i vk = B A0 L ER B 75 28 Y

IKFBE— B A BB AT RE R R BT A K FESM a4k . B4, 2MD R I K HARR SE R RBUR

R4 O RRIGTT 8 AHIKRAL B B FRAK AT PTH 7K S4RT, 7E X —sh s B dh, oAb 2 5

DALEYIFEVRTT 4 FE R EZENNAERME.
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